


YARN COUNTS AND CALCULATIONS 




OXFORD TECHNICAL MANUALS 


YARN COUNTS 
AND CALCULATIONS 


BY 

THOMAS WOODHOUSE 

TEXTILE 8XPBKT, AND MEAD OP THE WEAVING AND DESIGNING DEPARTMENT, 
DUNDEE TeAiNICAL vOLLbOE AND SCHOOL OP ART', POKMEKt.V MANAGER, 
MESSES. WALTON & CO., LINEN MANUPAC1URBRS, BLBACKBk^ AND PINISHBRS, 
KNARBSnOROUOH ; HONOURS MEDALLIST OP THE CITY AND GUILDS OP lAINDON 
TECHNICAL INSTITUTE IN WCKtL AND WORSTED WEAVING AND IN LINEN WEAVING 
• 

AUTHOR OP 

Tk* HandicrafiAri o/Weaving" **Healds!tn^ Retds/or Wtacingi Setts and 
Partert," “ TAe Finishing «/Jntt and Linen Fairies"Joint Author0/JnU 
and Linen iVeaving: Mechanism," ^'Textile Design: Pure and Applied" 
Jute and Jute Spinning" " Cordage and Cordage Hemp and Fibres" “ The Jute 
Indnsiryfrom Seed to Finished Cloth," “An Introduction to Jute Wtasnngy 
Textile Mathematics" Textile Machine Dravnng" “ Textile Mechanics,''etc. 


LONDON 

HENRY FROWDE AND HODDER & STOUGHTON 
THE LANCET BUILDING 
I & a BEDFORD STREET, STRAND, W.C* 




First printed 1931 • 


Printtd i» Gr*mt Britain ^ IL & R. Clawk, Limitbd, Ediniurtk, 



PREFACE 


One of the first essential or desirable requirements in 
the preparation and spinning of yam, as well as in the 
subsequent operations of cloth structure ajid weavii^, 
is an adequate knowledge of the subject of Yam 
Counts and of Calculations relating thereto. 

In the absence of any simplified group of calcula¬ 
tions for the principle of counting in regard to Raw 
Silk, Spun Silk, Artificial Silk, Cotton, Woollen, 
Worsted, Linen, Hemp and Jute, or even of some 
unification of counting yams froifi the same fibre in 
every district, it is a dislanct advantage to be con¬ 
versant with a multiplicity of systems. 

The present treatise, which appeared originally in 
serial form in the Teaiile Mamfacturer miei the 
nom de phime “ Themhija,” gives consideration to 
all the above-mentioned fibres, and to yams made 
from them, by an elucidation of twenty-two difierent 
systems of counting yams as practised in the various 
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districts of the United Kingdom, on the Continent, 
and in America. 

The value of the work is that it not only provides 
the textile student of any branch with practically all 
that is required to prepare him for his examinations, 
but also acts as a reference book for spinners, manu¬ 
facturers, and merchants. 

THOMAS WOODHOUSE. 

Dundee , 1921. 
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CHAPTER I 
DlPINmONS 

In all the different branches of the textile indnstry 
it has been found neoessary to adopt some method of 
munbering tbs different sijes of yam ; this invariable 
custom is practised partly in order that yams of 
different thicknesses may be distinguished from each 
other, and partly for the injpertant and essential 
function of facilitating calculations when weight has 
to be taken into account in the process of manu¬ 
facture. 

Although there are m@ny, different methods or 
systems of indicating the number, size, grist, or count 
of yam with respect to the relation between its length 
and its weight, all these systems are modificatiotu of 
two distinct groups; 

I. That in which a given length is constant for 
any particular system, and the weight of 
this length is variable. ^ 

n. That in which the length is variable and the 
weight constant for any particular system. 
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The choice of the length in Group I. or the weight 
in Group II. ia (juite arbitrary, and, indeed, there are 
many variations in both groups. For the sake of 
distinguishing between the two distinct groups we 
shall adopt the foEowing definition; 

Group I. = fixed-length systoBis. 

Group II. = fixed-weight systems. 

In aE the fixed-length systems the number or count 
' of the yam is directly proportional to the sectional 
area of the yam ; whereas in the fixed-weight systems 
the number or count of lie yam is inversSy pro¬ 
portional to the sectional area of the yam. In other 
' words, we have 

Fixed-length systenih: the thicker the yam, the 
higher the count. 

Fixed-weight systems: the thicker the yarn, the 
lower the count. 

This is the general deto’tlon, and although it is not 
advisable to iEustrate the difference in general, an 
Elustration of particular methods conveys this differ¬ 
ence quite clearly. Thus, when the unit length (not 
the ficxed length) happens^to be the same in two 
systems, one of which, say jute, is in Group I., and the 
other, say flax or linen, in Group II., the difference 
iJ^y be demonstrated graphicaEy as in Fig. 1. 

The particulars above and below the groups in this 
figure indicate clearly the relation between the yams 
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in the two systems. It must be vmderstood that the 
two diagrams indicate only a few of the counts in each 
system. Thus the circles in the upper diagram—^the 
fixed-length system—^have diameters equal to 1, 2, 3, 
4, 6, 1, and 8 units respectively, and these numbers 

being the roots of perfect squares, it follows that the 
circles represent the sectional areas, and therefore the 
counts, of Nos. 1, 4, 9, 16, 26, 36, 49, and 64. All 
intermediate counts have been omitted for the sake 
of simplicity. In a similar manner the circles in the 
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lower diagram represent y^ms,in the fixed-weight 
system, the diameters of whicfi are also 8,7,6,6,4,3, 
2, and 1. The sectional areas of the latter are natur¬ 
ally proportionate to the diameters, but it does not 
follow that the squares of these eight consecutive 
numbers represent the counts; as a matter of fact 
they do not. This phase of the subject will be dis¬ 
cussed at a later and more convenient stage. 

It is impossible to illustrate satisfactorily all the 
'actual sizes of yams in one system. The diverging 
lines in the fixed-length system in Fig. 1, and the 
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converging lines in the fixed-weight system in the 
same illustration, are quite pronounced, simply be¬ 
cause so many counts between the highest illustrated 
and the lowest are omitted; in reality, the angle 
formed by either pair of lines would be exceedingly 
small, and very much less than thosetillustrated. In 
cotton yams, for example, a thread which is in. in 
diameter is a very thick yam, and a very low count; 
consequently it would be ridiculous to attempt to 
distinguish the range between the lowest and the 
highest counts by the mejthod illustrated in’-Fig. 1. 

The diagrams will be referred to later in connection 
with particular systems, but they also serve to show 
in general that in. qll fixed-length systems the yam 
receives a higher number or count as the sectional 
area increases, whereas in the fixed-weight systems 
the reverse is the case. The fixed-length systems 
appear on first sight to.be the simpler, but it is a 
significant fact that tHe fixed-weight systems are the 
more widely practised. 
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YABN TABLES : SYSTEMS OP COlTNTINa 

The form in which warp and weft yams are supplied 
from ihtsspinning department, or other place, to the 
preparirg and weaving departments depends upon 
several considerations, but in all cases it is naturally 
the practice to minimise, as much as is practicable 
under the existing circumstances, the operations 
between the spinning department and the preparing 
and weaving departments. We shall endeavour to 
indicate the different methods as convenient oppor¬ 
tunities arise. For the preseiA it will be sufficient to 
enumerate the general methods which obtain with 
regard to what is often termed the hank or loose form. 

There is at least one general length unit for each 
different kind of fibrous material—a length which 
depends partly upon the size or circumference of the 
reel upon which the spun yam is reeled, if it is custom¬ 
ary to reel the yam, partly upon the convenient bulk* 
of the yam for such unit, and partly upon a convenient 
fetation between the length and the weight. The 
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reels are in general 1 yd., yd., 2 yds., or 2J- yds. in 
circumference, and usually termed respectively 36-in. 
reel, 64-in. reel, 72-in. reel, and 90-in. reel. There are 
other sizes of reels used m special industries, but the 
chief ones are those mentioned. Most branc^jes of 
the textile industry have their own* particular yam 
table, the various items of which are multiples of 
the circumference of the reel used. 

COTTON-TAEN TaBLE 


64 in., or one revolution of 

♦ 

wrap-reel . . “■ 

= IJ yd. = 1 thread. 

80 threads 

= 120 yds. = 1 lea. 

7 leas .... 

- 840 „ =1 hank. 

18 hanks . . • . 

= 15,120 „ =1 spindle. 


The chief item in this table for use in textile calcula¬ 
tions is the hank, for which we shall also use the term 
“ length unit ” when comparing it with similar chief 
terms in other tabl^ ‘^he number of these “ unit 
lengths ” or hanks (in this particular case) which are 
required to balance 1 lb. weight indicates the count in 
the cotton system for the United Kingdom, America," 
and for many other countries. < 

It is usual to make up cotton hanks into bundles 
weighing either 6 lb. or 10 lb. each. Consequently, if 
i it requires 60 hanks to weigh 1 lb., the count of the 
yam is OO’s, and in a 10 lb. bundle there would be 
60’s X10 lb.=600 hanks. 
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and, naturally, 300 of such hanks in a 6 lb. bundle of 
the same count. In general, 

Count of yarn x weight of bundle 
=number of hanks in bundle. 


Th# French or metric system for cotton yams has a 
unit length of’one thousand metres (one kilometre), 
and if this length weighs 600 grms. (half-kilogramme) 
the count of the yam is 1. Hence there are two 
metres of No. 1 yam per gramme, or 


2 metres 
1 grm. X 2 


= rs count. 


Similarly, if IQpO metres weigh 100 grms., the count is 

1000 metres 
100 grms. X 2 

and generally 

Number of metres . 

;- -=the count. 

Weight m grammes ^ 

It might be inferred froSi the above definitions 
that there is neither a fixed length nor a fixed weight 
in this system, but it is really equivalent to a fixed- 
weight system of | kilogramme (600 grms.), because 
the number of unit lengths or hanks (each 1000 metres) 
which weigh 600 grms. is equivalent to the count of 
the cotton yam. 

When this system is compared with that in which 
the hank is 840 yds., and the fixed weight is 1 lb., we 
have 
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Unit Length. 

Fixed Weight. 

French .... 

1000 metres 

600 gnns. 


1093-84 yds. 

1-1023 lb. 

»» .... 

992-144 yds. 

lib. 

United Kingdom 

840 yds. 

lib. 


1 metre = 1'0936 yds. 1 kilogramme = 2-2046 lb. 

British; French = 840 yds.: 992-144 yds.; 

, British 992-144 , 
or, m counts, =1-181. 

Hence, British count = 1-181 French cotton count, and 
British count 


French cotton count=- 


1-181 


In the United Kijigdom the counts of spun silk are 
reckoned on precisely the same basis as those for 
cotton for single yams— i.e. the count depends upon 
the number of hanks which it takes to weigh 1 lb., 
each hank being 840 y^s, ii) length. (Twisted, folded, 
doubled, or multiple-ply yam will be discussed later.) 

For raw silk, however, different systems are in use. 
Warp and weft yams from this material are often 
termed respectively “ organzine ” and “ tram.” 

The Denier System.—The hank or unit length in 
this system is 400 French ells. The Frendi ell has 
different values in different parts of France, but the 
■Parisian value is equivalent- to M9 metres. One 
metre is equal to 39-37479 in.; hence 400 French eUs 
is equal to 
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400 French ells x 1-19 metres per ell »= 470 metres. 


400 xM9 x 3 9-37479 in . 
36 in. per yard 


=620-669 yds. 


It is usual to reckon 620 yds. for 400 French ells or 
m metres. 

The Italia* “ denier,” from which the above denier 
system derives its name, is a coin equal in weight to 
0-001876 of an ounce, and hence there are 


1 oimcc , . 

O^OOi^ “ demers per ounce, 

or 5"3J X16=8633i dcniers per pound. 

• 

The count in Jhe denier system is the weight in deniers, 
or its equivalent, of 520 yds., or 476 metres, and hence 
this is also a “ fixed-length ’’‘system. 


Weight in dcniers of 620 yds. = the count, 

620 yds. t i j j • 

vf—r—V t—:—= number of yards per demer. 
Number of demers , ^ 

and Yards per dedier x 8533J 

= number of yards per pound, 

i.e. 620 yds, x 85334 deniers ^ , 

-Cbu^-yards per pound; 

BO that in 40-denier silk yam there are 

= 110933-3 yds. per pound, 

and, consequently, equivalent to 
110933 


840 


132’s cotton count or spun-silk count. 
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The Dram System .—Here the hank or unit length 
is 1000 yds., and the weight in drams of this hank 
indicates the count. Thus, if three difierent hanks 
weigh severally 2, 3, and 4 drams, the counts are 2’8, 
3’s, and 4’s, and so on for all others. This system 
belongs to the “ fixed-length ” group. ^ 

Yards-per-ounce System. —Here, as in the dram 
system, the hank is usually one of 1000 yds., and, 
as indicated by the denomination, the count is deter¬ 
mined by the number of yards which weighs 1 oz. 
For example, if 6 hanks, or 6000 yds., weigh 1 ^., the 
count is 60QD. This systenf belongs to the “ fixed- 
weight ” class. , 

Woollen warp yams are spun direct on to the 
spindles of the mule, or on to some kind of short 
bobbins or tubes which have been previously dropped 
on to the spindles ; when the yam is to be made into 
warps direct the process of reeling is unnecessary. 
Weft yams are spun on*to bobbins or pirns. Both 
kinds, however, are sometimes reeled for transporta¬ 
tion ; they are also reeled for the bulk of yams which 
require to be dyed in the hank form. There appear to 
be at least two distinct sizes of reels: a 72-in. or 2-yd. 
reel, and a 90-in. or 2J-yd, reel. The former is used 
extensively in England; whereas the latter finds 
mgst favour in Scotland. In some districts in England 
^ is unusual to reel a fixed length for hank-dyeing 
purposes, the custom being to make reasonably 
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sized tanks or skeins on a 72-in. reel for handling 
efiectively. 

The woollen yam table in Scotland is very similar 
to the yam table used for jute and dry-spun flax yams. 
Tj)us: 

SeOTCH WoOlLKN-YARN TaBLE 

90 in., or 2| yds. = 1 thread, or the circumference 
of the reel. 

120 threads, or 300 yds. = I cut. 

12 cuts, or ,3600 jds. =1 slip. 

4 flips, or 14,400 yds.^=l spyndle. 

t 

There is a great diversity of woollen systems, many 
of which, along with other systems employed for other 
fibrous materials, will appear*shortly. 

Worsted yam, which is also made from the wool 
fibre, was at one time reeled on a 36-in., or 1-yd., reel, 
but it is now customary to use the same size of reel 
(64 in.) as is used for cott^ and for very fine flax 
yams. 

Worsted-yarn Table 

72 in., or 2 yds. = 1 thread. 

40 threads, or 80 yds. = 1 wrap. 

7 wraps, or 660 yds.=l hank. 

Wet-spun Flax or Linen Table 

90 in., or 2J yds. = 1 thread, or the circumfereiipe 
of the reel. 
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120 tlireads, or 300 yds. = 1 lea. 

10 leas, or 3000 yds. = 1 hank (English). 

12 leas, or 3600 yds. = 1 hank (Scotch and Irish), 
20 hanks (English) \ , i i. 

16f hanks (Scotch or Irish )' ’’ 


* 

One or more of these bundles are then made into a 
parcel termed “ a lump ” or “ bunch.” Vo absolutely 
fixed quantity is adhered to; but, in general, the 
following may be considered approximately correct: 


Up to 14’8 or 16’a 

bundlee per bunch. 

16’8 to 28’s . 

. 3 

n 

30’8 to 60’8 ., 

.* 6 

»» >) 

Above 60’s . 

. 12 

j 

it it 


For the very finest linen yarns, say from SO’s or 
lOO’s upwards, a 64-in. reel is often used. When 
this is the case, it is a common practice to lease the 
yam in groups of 100 threads or revolutions of the 
reel. Thus, 100 threads x 64 in. or IJ yd. =160 yds., 
and hence the leasing is in haU-leas. The veif lowest 
co^ts may also be leased in half-leas, and one bundle 
only made up into a lump or bunch. It must be 
understood that a wet-spun linen bundle (60,000 
yards) is an absolutely constant length, whereas a 
bundle of jute or dry-spun flax is not an absolutely 
constant length. 

Dry-spun flax or linen yams and jute yams are 
reeled also on the 90-in. reel, but they are made up in 
a diflerent manner. 
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Jute and Dky-spun Flax Table 
90 in., or yd8.=l thread, or the circumfer¬ 
ence of the reel. 

120 threads, or 300 yds. = 1 cut. 

^ 2 cuts, or 600 yds. = 1 heer. 

12 cuts \ „„„„ , , , , , 

6 hecrs/'* yds. = l hasp or hank. 

4 hanks, or 14,400 yds. = 1 spyndle. 

These yams are made up into bundles weighing 
as nearly as possible 66 lb. each. Occasionally the 
bundles weigh a little over 60 lb. 

Since mi jh of the jute yarn is thick, it is im¬ 
practicable to make 12 cut hanks for the^eavy sizes; 
indeed, 12 cuff hanks are made only in the finest or 
lightest jute yams. A considomble quantity of yam 
is made up into what are termed 6-cut hanks. Since 
12 cuts form a standard hank, it would be better to 
distinguish all which differ from this standard length 
by the name mill hank, for they are made with fewer 
cuts sim^y for convenience. ‘ Moreover, since most of 
these yams are woven in the natural colour, the bflk 
is not reeled at all. When, however, it is essential 
to reel the yam, say for dyeing or other purposes, it 
is often reeled as under; 


Up to 6 lb. yam 
6 lb. to 10 lb. 

11 lb. to 24 lb. 
26 lb. to 36 lb. 
Heavier yarns 


6 heers in lease-band = J spyndle. 
6 cuts „ „ = i „ 

4 cuts „ „ „• 

3 cuts „ „ „ 

4 half-cuts,, „ „ 
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In addition to the various reels mentioned, which 
ire standard ones, there are several others, the circum- 
ierences of which differ from those enumerated. 
These are used for special cases, particularly in con¬ 
nection with the cord and twine trade; but since (he 
jircumferences of these reels are usuaHy for purposes 
Dther than that of the count of the yam, they need not 
be discussed here. 

Each system of counting is, of course, of extreme 
importance in the particular district or districts in 
which it is practised; but in the majority of places, 
or, rather, perhaps, in those places where the largest 
number of firms are situated, the founts of the 
yarns spun from the six chief fibres are determined 
as follows: 


Spun silk by the number of hanks of 840 yds. each in 1 lb. 
Ootton „ „ hanks of 840 „ „ 1 „ 

Woollen „ „ ^ skeins of 256 „ „ 1 „ 

Worsted „ „ v hanks of 660 „ „ 1 „ 

Linenorflax,-! 
wet spun /” 

Dry-spun flax and jute by the weight in pounds of 
1 spyndle (14,400 yds.). 


leas of 300 


Hemp is included sometimes with the wet-spun 
linen system, but more often with the dry-spun flax 
apd jute system. In all subsequent calculations the 
units of the length of the first five, and the fixed 
length of the jute system, will he the ones desired, or 
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used, imless special reference is made to one or other 
of the equally important but less widely practised 
systems. 

In practically all yam calculations used by the 
English-speaking races the weight of 1 lb. is used 
either directly or indirectly, so for the purpose of 
facilitating the conversion or transference of any size 
of yam known by a well-defined number or count in 
one system into the equivalent count of any other 
system, it will perhaps be the simplest and most 
satisfactory plan to reduce all the systems—both 
British and foreign—^to tile number of yards per 
pound contained in No. 1 count. It will also simplify 
matters if all those which belong to the “ fixed 
weight ” systems are kept separate'from those which 
belong to the “ fixed length ” systems. This has been 
done in Tables I. and II. 


[Tables 
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CHAPTER III 


CONVERSION OF COUNTS FROM ONE SYSTEM 
TO ANOTHER SYSTEM 

As already inferred, it is often necessary, for various 
reasons, to convert the count of yam in one system to 
the equivalent count in some other system. It is not 
difficult to make the necessary calculations for any 
conversion from one system to any other system in 
either group— i.e. in connection with any two systems 
in the “ fixed-weight ” group, or in any two systems 
in the “ fixed-length ” group—^because of the relations 
demonstrated in Fig. 1. It is essential, however, to 
exercise more care wten converting a count from one 
system of the fixed-weight group to the equivalent 
count in one of the systems in the fixed-length group 
or vice versa. 

The necessary conversions may be made by 
calculating from the fundamental principles of count¬ 
ing adopted for the two systems involved, but, a$ a 
rule, it will be more easily, and often more correctly, 
done by one or other of the shorter methods. Never- 
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theleas, for the sake of demonstrating the complete 
calculations, and to exhibit the actual relations between 
the various systems, we purpose showing how to 
change one system to all the others mentioned above. 
For this object we shall take, as a concrete case, lO’s 
cotton. 

In what immediately follows, the reader should 
note that in the calculations which deal with the fixed- 
weight systems, the numerator consists of the number 
of yards per pound in lO’s cotton— i.e. 10 hanks per 
pound, or 10 x 840 = 8400 yds. per pound. Then the 
denominator consists of the unit-length in the required 
system multiplied by the proper ratio to bring it to 
the number of yards per pound. 

Fixed-weight Systems 

10’« Cotton to Spun Silk 

10 x 840 ... 

—gig— = 10 s spun suk. 

lO’s Cotton to Pmw Silk 

=—— -; =626 yds. per ounce raw silk. 

1X16 oz. per pound ■' 

lO’s Cotton to French Cotton 

10 x 840 10 x 840 „ ij. i. i.i. 

-i—® French cotton. 

^^3®4xh023 

lO’s Cotton to Yorkshire Skein 


10x840 


32-81’b Yorkshire skein. 
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lO’s Cotton to West of England 
r"^67i^c-26'25’s West of England. 

1 X a\} X lO 


lO’s Cotton to Dewsbury Woollen 


10 X 840 
1x16 


= 525 yds. per ounce Dewsbury. 


lO’s Cotton to Galashieh 


10 x 840 10 x 840 x 24 
300x16 


300x 


16 

24 


= 42’s Galashiels. 


10x84 0 

300xL« 


lO’s Cotton to 


Wx 840^26 
300x16^ 


= 45-5’s 


Hawick 

Hawick. 


lO’s Cotton to Stirling 


10 x 840 10 x 840 x 24 
48 x 240 “ 48 x 240 
24 


Stirling. 


lO’s Cotton to American Run 

10x840 . 

=6'26 s American run. 

100 X1 X16 


10x840 

300 


10x840 

660 


lO’s Cotton to American Cut 
=28’s American cut. 

lO’s Cotton to Worsted 
=16’a worsted. 
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lO’s Cotton to Linen 


10x840 
' 300 


=28’s linen (wet-spun). 


lO’s Cotton to Metric 


JO X 840 10 x 840 

1 ■~ 496-072' 


1093-64 xr-; 


2 -^ 


16-934’s metric. 


Fixed - weight Systems to Fixed - length 
Systems. —The conversion of lO’s cotton to the 
equivalent counts in all the fixed-length systems is 
performed as under: 

xf 

lO’s Cotton to Denier Silk , 


620-669 X8633J 4437333 
“10 x 840-* ”] 0 S 846 = ®28-2 8 demer silk. 


1000x1x266 

10x840 


lO’s Cotton to Dram Silk 
= 30-476’s dram silk. 


lO’s Colton to Somrby Bridge 
IO-- 34 Q-=2-438 s Sowerby Bndge. 

lO’s Cotton to Cumberland Bunch 

^-- ^^ ^ = 6-4’s Cumberland bunch. 

10x840 

lO’s Cotton to American Grain 
20 x 7000 , . 

rOxW“® Sram- 

lO’s Cotton to Dundee. 

14 400 

j|Q-^-g|^=l-714’s Dundee (pounds per spyndle). 
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From the principles demonstrated in these examples 
it will be an easy matter to convert any other count of 
cotton to the equivalent count in any of tho other 
systems. Precisely the same principle will apply if it 
is desired to convert any of the fixed-weight systems 
to all the others. It will be understood that the con¬ 
version of one particular count, or, indeed, of any 
count, in one system to the equivalent counts in all 
the other systems will, in virtue of the wide differ¬ 
ences in the physical properties of the fibres, and in 
the systems of counting, result in some eases in 
impracticable numbers or counts in certain systems ; 
nevertheless, the principle demonstrated is conect, 
and may be used in all cases. 

To complete the series we might now with advan¬ 
tage convert by similar methods, say, 4-lb. per spyndle 
jute, or, briefly, 4-lb. yam, to the remaining systems 
in the fixed-length group. 

Fixed-length Systems 

Yards per pound in given system 
=yards per pound in required system. 

144flO 

r-i i. • I. =3600 yds. per lb. 

4-lb. ]ute ^ ^ 

and corresponding counts for this length must be found 
in the other systems. 

4-26. Jute to U.8.A. Grain 
14400 yds. 20 yds. x 7000 grains 
4-lb. yam U.S.A. grain count 
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TI TT a A , 20 X 7000 X 4 lb. . . 

Hence U.S.A. gram count=-- 

4-16. Jute to Cumberhrd Bunch 

144()P 3360 yds. x 16 oz. per pound 
4 ~ Cumberland buncb 
3360x16x4*. 


"14400 


= 14-93’8 Cumberland bunch. 


4-16. Jute to Sowerby Bridge 

14400 80 yds. x 256 drams per pound 
Sowerby Bridge 


80 X 2.56 X 4 
• 14400 


=5-69’8 Sowerby Bridge. 


4-16. Jute to Dram Silk 

14400 1000 yds. x 266 drams per pound 
4 ” Dram silk 

1000 x 256 x4 
14400 


= 7M’s dram silk. 


4-16. Jute to henier Silk 


14400 620-569 x 8533| deniers per pound 
4 ^ silk denier 

4437333 x4 


14400 


=1233’8 denier silk. 


Since 4-lb. jute yam is approximately the smallest 
jute yam spun—occasionally 3-lb. and 2J-lb. arespun— - 
and is equivalent to such a high count in denier silk, 
it follows that the highest count in jute, say 460-lb. 
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rove, and, indeed, practically all other counts, would 
have no corresponding practicable count in the silk 
denier scale; hence, it appears unwise to attempt to 
introduce a scheme of counting which would be uni¬ 
form for all fibres and yarns. Notwithstanding this 
obvious drawback to the possibility ^of including all 
under one general system, there are sufficient and 
reasonable grounds for some simplification and uni¬ 
fication amongst the various kinds of fibre. But 
when the lightest yarn in one system is heavier than 
the heaviest yam in another system, som^ doubts 
arise as to \he practicability‘’of embodying the two 
kinds in the same scheme of counting. 

To return to the subject of conversion of the 
various systems, we B&ve, in general, the following: 


(A) 


(B) 


(0) 


FizsD-WEioai Systems (see Table L, p. 16) 

Given count of yam x convers ion unit of giv en system 
Conversion unit of required system 
= the required count. 

Rxbd-lkngtb Systems (see Table IL, p. 17) 

Given coun t of yam x conversion unit of required system 
Conversion unit of given system 
=tbe required count. 

ItxED-WEiOHT Systems to Fixed-lehoth Systems 
(Tabies 1 and 11.) 

_ Conversion unit of required systein_ 

Given count of yam x conversion unit of given system 
= the required count. 
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Fixed-length Systems to Fixed-weight Systems 
(see Tables I. and 11.) 

Conversion unit of pven s;ptem 
' ' Given count of yam x conversion unit of required system 
f the required count. 

% 

In all cases wkere the fixed lengths are a multiple 
or a measure of the length-units in the fixed-weight 
systems, or vice versa, shorter methods of calculation 
are possible; these valuable practical methods will 
be pointed out as occasions arise. 

In all calculations, gxcept perhaps those which are 
displayed to illustrate a principle, it is advantageous 
to eliminate ^1 common factors—^in other words, to 
construct constant values or mmbers for the purpose 
of reducing the amount of figuring and of simplifying 
the process. The presence of a constant number in 
certain calculations may be well understood by, say, 
the employes of one firm, while, on the other hand, 
the same constant numbef might be unintelligible 
to those engaged m another firm. When, however, 
^ts in the case of the calculations referring to yam 
counts, the various items are known to all and are 
invariable, the constant numbers derived from 
these calculations are of general and universal 
application. 

For example, when converting cotton counts to ' 
worsted counts, it is clear that both 840 and 660 
are divisible by several common factors, the 
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greatest of whicli is 280; hence, instead of using 

the ratio one might as well use the ratio 
660 ® 2 

Again, when converting 4db. jute yam to its 

equivalent in wet-spun hnen or lea count, insteafl of 

using all the terms as stated in fonnuia D above and 

numerically as under. 


14400 yds. per spyndle 
4lb;x300 yds.'per7er = ^2 y*™’ 


it is much easier, much quicker, and safer to take 
advantage of the fact that a'lea and a cut are the 
same length, and, since 

14400 yds. 

300 yds. ^r cut or lea *** ’ 


it is only necessary to use the following. 


48 cuts 

Tibr 


= 12 lea yam. 


Further, since the ratio 


840 

992-144 


= 0-8466, 


the 


cotton counts might be multiplied by 0-8466 to 
obtain the equivalent French cotton count, or else 
the cotton count divided by 1-181, since the ratio 
992-144 

. ■ =1-181. Other examples, equally simplified, 

could be adduced. 

Perhaps one of the best and simplest methods 
is to use the conversion units from the last column in 
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each of the Tables I. and II.,pp. Ifi, 17, and then adopt 
the name “ conversion ratio ” for the quotient of any 
two different conversion units. Thus, if T=the con¬ 
version unit of given system, and T^=the conversion 
unit^f required system, then 

T • T> 

and ^ = conversion ratios. 


and either used according to circumstances. Further, 
if G=the given count, and E.=the required count, 
we ha' C the following: 

* ' GxT 

(E) Fixed-weight Systems: =R, 

G X 

(F) Fixed-length Systems : —^— = B. 
Fixed-weight Systems to Fixed-length Systems: 


(G) 


XI 

GxT 


=R. 


Fixed-length Systems to Fixed-weight Systems: 


(H) 


T • 

G7Ti“®’ 


It will be seen that the equations B, F, G, H corre¬ 
spond to those at A, B, C, D (pp. 24, 26). 

The necessary matter for the above method is 
embodied in the three tables of conversion ratios, 
in., IV., and V., on pp. 30 to 36, in which the values 
are brought to their lowest terms as fractions, and 
also to their decimal equivalents. Thus, Table m. 
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gives all the conversion ratios of the 16 fixed-weight 
systems; these are shown both vertically and 
horizontally, and are numbered as in Table L, p. 16. 
The conversion unit, which is also the number of 
yards per pound for the systems in Table III., appears 
in the second vertical column, while the fractions 
shown opposite any name in a horizontal row of 
figures indicate the absolute ratios which may be 
used to convert any count of yam in this particular 
system to the corresponding counts in all the other 
systems above the various radios. The decimal values 
immediately under the absolute ratios ate sufficiently 
exact to be used instead of the fractions. The 
particulars and instructions for each table appear 
on p. 33. 



TABLES 


Seo iNSTBtTOIIOKS FOE tFSlNa CABLES, p. 33. 




0019[0-01«li0-0C26' 0-06 {_I 0-08 




























































31 


fSSO-T 






























Tablb IV.—^Fzxed-xbkoth Ststxms 


32 YARN COUNTS AND CALCULATIONS 


Si 1 

H 

Conversion Batios. | 

I 

®. o 
» o 

5 6 

0) 1 S g 
* 6 


“ s 
8 

ft © 
* ® 

ft 1 *!• § 
-i* 1 ® i>. 

6 

e> 

ft 1 ft ft 

1 ft d 
6 

. «» 

2 S 1 

1 I-* H 

‘ O 

- 

■iHi 

''SS' 

1 

S 

3 

o' 

s „ 

«o S 

tC w 

« o 
J 6 

a 

lO 1 "f 5$ 

eo 1 « tn 
6 

o' 

ft 

S S 

s s 

o 

ft 

<30 

O' 

® i2 
S 

rH ® 
ft 

KJ t ® ^ 

s? ? 

d 


j S 

^ 6> 

20. 

Woollen 

(Cumberland 

Bunch). 

1 

d 

® CJ 
1 *. o 
■*. o 

a|l " 

o 

<N 

bT 

d 

o> S 
1 - o 
o 

' 

>0 

f-l 1 ,v^ d 

d ! * 9 

d 


ft 

« 

>0 S 
d s 
^ 6 

SS 

« 1 ft « 
ft I fH 

00 

19. 

Woollen 

(Sowerby 

Bridge). 

1 

§■ 

n 

S «> 

» 9 

«IS 1 

S 

s 

ft 

S S 

r-' 2 

s • 

I® 


00 1 53 S 

cc 

, « 
a 12 s 

■H ft r* 

o 

313 1 

S Mo 

^ ms 


m 

C4 

« 

r» 

m 

O ft 
O ft 

S' « 

ft l> 
d iH 

- 

ft 

ft 

ft 

bT 

ft 

ft 

Q ft 
ft ft 
^ ft 

o' ft 

‘d 

oT 

h* 

2- 

I » 

®i. ft 
j: d 
ft 

n 

eo 

eo 

i« 

eo 

V 

P d 

© S 

s ” 

eo 

1 o S 

t-i 


1 

d 

eo 

« !«. 
bT ^ 
ee 9 
't. 6 

- 

4 

lO 

d 

ft 

S2 

b. 

s 1 

si'x S 

8 

o 

d ^ 

ft 

v* 1 ft d 
ft 1 eo ft 

sIp § 

1 

sMI 


■ 


i i 
s' 1 

d 

- 

ft 

ft 

ft 

ft 

o S 

ft ft 

•« ft 

s" s 

d 

a 

Cb 

b. 

IH 

9 o 
i, ft 
- d 
1-1 (0 

s 

eo 

bT 

CO 

p d 

5 S 

s' 2 

■-I (0 

8. I 2 

1 - i 

J4 

ail 

ss 

3 

«? 


1 

i 


1 

§ 

Count System. 


■a 

& 

• i 

ect 

« 

S 

1 

i 

1 

00 

1 

Is 

ll 

o»'^ 

.3 

i 

•p? 

fi»'2 

11 

i 

s| 

1 

!”• 

|e 

d 

' -I 

s 

$ 

si" 































CONVERSION OF COUNTO 


33 


INSTEUCIIOlfS FOE CSINO TABLES 

Ti^LB III.—-To ronvert counts from ftystems mentioned In vertical 
column of names to^ystems mentioned in horizontal column of names, 
multiply by the " conversion ratio " opposite the given system In the 
horizontal row of ratios and under the required sj^tem in the vertical 
row of ratios. These ratios ore given in fractional and decimal values, 
and the latter are carried out to four places when necessary. In general, 
however, the nearest value two places of dcclmaM will be sufficient. 
I! absolute values are required the fractional ratio should bo used. Ex. 
To converi Yorkshire Skein Woollen to Dewsbury Woollen: move along 
Ko. 5 Iior«/ >ntal column until the number in No. 7 vertical column la 
reached. Tnis Is 2 . rked by an asterisk. Hence Yorkshire’Skein count 
X16 —De^ bury count. » 

Tablu IV.—To convert a count In one Fixed-Iei^h System to the 
equivalent count in anotlicr Flxed-Iength System: mulUply (he given 
count by the converslon^ratio,” and Uic result Is the count required. 
Given systenu in vertical column of names: re^^ed systems In horizontal 
column of namra. (Method exactly as In Table HI.) 

Table V.—Except under very exceptional circumstances, it is on* 
necessari' to use the absolute values shown by the fractions. In the 
auove table the absolute values are converts to whole numbers and 
de' imala. 

The " conversion ratios In this table can be used for Fixed-weight 
Systems to Flxed-lei^ Systems, and for Fixid-length Systems to fixed- 
weight Systems— i.e. horizontal to vertical Jbd vertical to horizontal. 
Dividing the “ conversion ratio *’ by the given count in any system g^ves 
the equivalent count in the required system. When the given system is 

T* 

In the vertical column of names the conversion ratio is ^ (see equations 

(O and (G), pp. 24 and 27), and when the given system is in the horizontal 

T 

row of names the same conversion ratio clearly becomes (see equations 
(D) and (H), pp. 26 and 27). 


P 



TABUC V.—^FECED WaiOHT TO FIXED LBKOTH, AND FIXED LENOTE TO FIXED WEIGHT 
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CHAPTER IV 


MULTIPLE-PLY YAENS : SHRINKAGE NEGLECTED 

When two or more single yams or threads are joined, 
or rather twisted together, more or less intimately, 
the resulting compound structure is termed 2-fold or 
2-ply, 3-fold or 3-ply, etc. The direction of the 
twist in the compound thread is almost invariably 
in the opposite direction to the twist of the single 
threads from which it is formed. Similarly, if two 
or more of these compound threads are again twisted 
to form superior and level compound threads, as in 
the case of several yarns for twines, cords, ropes, 
fancy jute carpet warp yams, and the like, the 
direction of the twist is again reversed—-that is, the 
twist is then in the same direction as that of aU the 
single threads, and the finished product is then termed 
“ cable laid ” or cable yam. Each additional yam 
or thread employed in the formation of compound 
threads naturally increases the thickness of the latter, 
and, with the single exception of silk, such addition 
is accompanied by an alteration in the count. 



MULTIPLE-PLY YARNS 


37 


The counts o£ all multiple-twisted threads, with 
the above exception of silk, in both the fixed-weight 
systems and the fixed-length systems, are represented 
symbolically by two or more numbers, or rather 
groups of numbers, usually two, When the compound 
thread can be represented by two groups of numbers, 
the first group indicates the number of individual 
threads of which the compound thread is made, and 
tlie second group indicates in some way or other the 
count of the individu.d threads. Thus, in the simplest 
form, vhe symbol 2/10’s.shows that two single threads, 
each if lO’s cx)unt in any system except sUk, are 
twisted together. Similarly, if 3, 4, 5 ... «threads 
ore twisted together, the compound yarns would be 
indicated by S/lO’s, 4/10’s, Ohio’s . . . «/10’s. It 
need hardly be stated that the count of the compound 
thread is not lO’s but some other number which will 
be explained almost immediately. Further, if, say, 
two of these compound threads are twisted together 
to form a cable cord, the ■symbol used would be 
2/2/10’8, 2/3/10’s . . . 2/«/10’s. 

On the other hand, the symbols for twisted, folded, 
or multiple-ply silk yams contalh in the first group 
the actual count of the yam, and in the second group 
the number of threads which are folded to make the 
count of the compound stmeture. For example, if 
2, 3, 4 ... « threads are twisted together (say, 
8400 yds., or 10 hanks of 840 yds. each), all of these 
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difEerent threads in the compound state weigh 1 lb., 
then the count is equivalent to lO’s silk, and the 
symbols would be lO’s/2, lO’s/3, lO’s/4 . . . 10’s/». 

It will thus be seen that since the count of the 
multiple-ply silk yams is determined by the number 
of hanks per lb., as indicated by the< count number 
which precedes the number of threads in the symbol, 
and as if the compound thread were a single thread 
of the count mentioned, the actual thickness of the 
individual threads decreases as the number of com¬ 
bined threads increases. For-example, although 10/2, 
10/3 . . . iO/w means in each case the equivalent 
of lO’s single so far as the compound count goes, the 
individual threads which form the 10/2 are thicker 
than the individual threads which* form the 10/3, 
while those of the 10/3 are, in turn, thicker than those 
of the 10/4, and so on. 

When all the individual threads which form a 
compound thread are of the same thickness or count, 
the value, number, or qSunt of the compound thread, 
neglecting the amount of take-up or shrinkage due 
to the process of twisting, is found perhaps equally 
weU in the two distinct groups of systems. When, 
however, a multiple thread consists of individual 
threads of difEerent thicknesses, the resulting com¬ 
pound count is, in general, more easily found in tiie 
fixed-length systems than m the fixed-weight systems; 
for in all cases the count of the compound yam in the 
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fixed-length systems—when the shrinkage is neglected 
—is the aggregate weight of the yams so combined. 
Hence, if 2, 3, 4 ... n threads, all of the same size, 
from any one of the fixed-length systems in Table IL, 
p.t7, are twisted together, the count is simply 2, 3, 4 
. . . ntimesthecountof one of the individual threads, 
plus, of course, the usually slight addition due to 
contraction of some or all of the threads in twisting. 
Similarly, and with the necessary allowance for con¬ 
traction, if all the threads which are twisted together 
are of.dif'Tcnt counts, the resulting count of the 
compound yam is the sum of the individual counts. 
The latter example is, of course, more or less hypo¬ 
thetical, for in the majority of cases a compound yam 
consists of a number of individual yams of .the same 
count. Nevertheless, the method is obviously ap¬ 
plicable in all cases. Both examples are evidently 
included in the following statement: 

Fixed-length Systems .—The count of any com¬ 
pound yam, made from' f^ro or more individual 
threads by the process of twisting, is the sum of the 
counts of the two or more individual threads, when 
the contraction or take-up due to the operation of 
twisting the threads is neglected. 

Example: If 8 threads of 6-lb. jute or dry-spun 
flax are twisted together, the count of the compound 
yam is 

B+6 + 6 + 6 + 6 + 6-(-5-l-5 = 40 lb. 
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or simply 

6 lb. x8 ply=40 lb. 

If numbers only are used, i.e. the name lb. eliminated, 
the example will do for any of the other systems in 
the fixed-length group. 

A different method must be followed in connection 
with the count of compound yams in the fixed-weight 
systems. If, however, one keeps in mind the im¬ 
portant, though simple, fact that any number of unit- 
lengths (hanks, leas, cuts, skeins, etc.) divided by the 
weight in pounds, gives the 6ount, the calculations 
are generally easy. Thus, suppose that 2 threads 
of 20’s are to be twisted together, and for the 
sake of simplicity we take, for calculation purposes, 
20 hanks of each of the two yams, or 40 hanks in all, 
then, since the 40 hanks weigh 2 lb., and since when 
the two are twisted together, there will be, neglecting 
contraction, 20 hanks of twist weighing 2 lb. 

. 20 hanks of twist, , 

• ■ 21b.ofmateri/=‘0 

Therefore, according to definition, the 2/20’s yam is 
equivalent to lO’s single. Similarly, if 20 hanks of 
each of 4 threads of 20’s were twisted together, there 
would be 

20 hanks of twist , 

-nr—i- . . =0 hanks per pound. 

4 lb. of matenal ^ 

Hence, 4/20’s is equal in count to 6’s single. In 
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general, to find the count of a compound thread 
in any fixed-weight system, when all the individual 
threads are of the same size, and when contraction 
due to twisting is neglected, it is sufficient to divide 
tha^unt of the single yam employed by the number 
of threads which are twisted together. 

In the manufacture of fancy twist yams there may 
be, and often are, not only two or more individual 
threads twisted together, but the individual yams are 
of difierent count. Moreover, it is not uncommon to 
find two or more difierent materials, also difiering in 
thickness and in the lengths required, combined for 
some specific purpose. It is in such cases as these 
that the greatest amount of care and observation 
should be practised, not so muoh, perhaps, to find 
the resulting count of the compound yam—although 
this is often necessary or desirable in regard to the 
weight of the compound yarn, if much of it is used 
—as to estimate its value correctly. Consequently, 
it is essential and desirable No be able to find the 
resulting count of a compound structure when any 
number of threads of the same material, or of different 
materials, are twisted together. 

Consider first the case where all the threads which 
are united come under the same system of counting, 
and where the take-up in the operation of twisting is 
- neglected. Say, two threads of any of ^e materials, 
and from any of the fixed-weight systems in Table I., 
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p. 16, are twisted together, and the counts of these 
two individual threads are 24’s and 12’s. Then, from 
the definition of the counts, it is clear that 


1 hank, lea, cut, or skein of 24 ’b weighs ^ lb., 

^ » » » 12 s „ „ 

2 hanks weigh Ib. 

Therefore, when these two hanks of difierent thick¬ 
nesses are compounded by twisting, there will be one 
hank of twist weighing ^ +xV 

Now, as already mentioned, any number of hanks, 
leas, cuts,* or skeins divided by the weight in pounds 
of such number equals the count, hence 


1 hank 1x8 

llbT^T 


=8’s count 


in any of the fixed-weight systems. 

Although the above method of taking the weight 
of one hank of each thread is quite correct in principle 
for any number of thre^ which are twisted together, 
it is much simpler in ^neral to take a larger number 
of hanks for the sake of facilitating the calculation. 
Probably the most satisfactory number is that repre¬ 
sented by the least common multiple of the various 
threads which are to be combined, but since the 
operation of finding the L.C.M. might in many cases 
increase instead of decrease the length of the arith¬ 
metical process, it is a common practice, and a very 
good practice, to consider as many hanks, leas, cuts, 
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*or skeins of each individual thread as are represented 
by the number of hanks per pound of the highest count 
in the combination. Thus, in the above example, 
24’8 is higher than 12’b, and hence 24 hanks of each 
yahr might be taken in the calculation. 

24 hanks-r24’s yarn = l lb. 

24 „ -rl2’8 ,, =2 „ 

48 hanks 3 lb. 

48 hanks of single yam or 24 hanks of twist yam 
weigh 3 lb., therefore 

24 hanks of twist , , , 

n-n —1 -- -r—, =8 s count, as before. 

3 lb. of material 
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and 

120 hanks of twist „,, 
2nbrraS5-=6»,s count. 

When two threads only are twisted together, and 
this number for ordinary weaving yams forms the 
bulk, the resulting count of the compound yam is 
often found as follows: 


The product of the two counts 

-T-Lt—z-:—=^6 resulting count. 

The sum of the two counts 


• (. 

Using'the same two counts as in the first example 
to demonstrate this method, we have 


24x12 288 , . 


The above method is simply a particular case of 
the general principle, in which the number of hanks is 
represented, not by the highest count but by the 
product of the two j'ounts; if the yams are repre¬ 
sented by the letters A and B, it is evident by the 
general method that 

AB-fA= Bib. 

AB^B= Alb. 

A+Blb' 


(A X B) hanks 

It — =C, the resultmg count. 
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This formula is true in all cases, hence 


AB = (A + B)C 
=AC+BC 
AB-AC=BC 


A(B-C) = BC 
, BC _ AC 


Consequently, if A and B are two threads which, 
when twisted together, have a count equal to C, it 
will be seen that the count C of the twist yarn can be 
obtained in several ways. It is only neceesary to 
choose one thread—say A or B—^and to find the other 
by one of the formulae given. Such operations as 
the latter are desirable when the count of a compound 
thread should be a whole number. • 

E.^ample; Find what count of yarn should be 
twisted with a 24’8 yam to produce a twist yam equal 
to S’s count. 

, 24x8 192 
^=24~n6^ 

= 12 ’ 8 . 


Or, again, what count of yam should be used in 
conjunction with a 16’s count for a twist yam equal 
to S’s count ? 

16x8 128 
■^“ 16 - 8 “ 8 
= 16’s. 


This latter is, of course, obvious from a consultation 
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of the first definition of twisting yams of the same 
count. 

The same principle of finding the resulting count 
of a compound thread is applicable to any number 
of threads, although, as already indicated, it is only 
necessary to adopt this particular method in practice 
when great accuracy is desired in the resulting count 
of the compound yam. The highest count divided 
by all the others in succession is sufficiently accurate 
in most cases. In order to complete the scheme, 
however^ we might give tfie formula to be ased for 
three threads, and finally the general formula of the 
assemblage of any number of threads. 

Let P, Q, and E represent, the counts of three 
threads which are to be twisted together. Then 
PxQxR=the product of the counts, and also the 
number of hanks to be considered in the calculation. 

PQR-rP= QRlb. 

PQR4-Q= PR lb. 

PQR-fE= PQlb. 

{QR+PR+PQ)lb. 

Hence 

PQR 

PqTqbTrP=C. tte resulting count. 

If it were required to find the count of a thread R 
which, when twisted with two other known counts 
P and Q,i would result in a compound thread of count 
C, then 
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PQR=C(PQ + QB + RP) 
=CPQ+CQR + CRP, 
PQR-CQR-CRP=CPQ, 
R(PQ-CQ-CP)=CPQ. 

. R_CPQ__ 

• PQ-CQ-CF 


Thus, to take a simple combination, if P=40’8, Q = 
20’s, and C=6’s, find R. 


B = 


6 X 40 X 20 


(40 x 20)-(6 x 20)-(6 x 40) 
4000 4000 


800 -100 - 200’■ 800 - (100 + 200) 
4000 


In Older to prove this result, we will find the 
resulting count of a compound thread made up of 
40’r, 20’s, and 8’s by the usual method, which is 
almost invariably the simplest for this type of calcula¬ 
tion. 


40 hanks -f- 40’s = 1 lb. 

40 „ ■f20’s=21b. 

^ -r 8’s=61b. 

120 hanks 8 lb. for 40 hanks of twist. 
40 hanks of twist , 

TT bi of i ^ ir terial 


An even simpler method of finding the 8’s^yam— 
‘ the unknown count—in the second last example dis¬ 
played is as under; 
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Take a number of banks which corresponds to the 
counts of the highest— i.e. the hanks per pound of the 
highest coimt. Then 


40 hanks of twist 
6’s twisted count 


= 8 lb. weight. 


40 hanks-^40’s = l lb. 
40 „ -f20’s=21b. 


31b. 


>/j 


Consequently, the unknown count is 


40 hanks 
8 lb.-3 lb. 


40" 

= .g- = 8’s, as before; 


and this simple method is obvibusly applicable in the 
case of two or of any number of threads. 

These calculations may be done in stages, if 
desired, but, as a rule, it is better to adopt the methods 
demonstrated. 

The general formula where 1,2,3, . . . w different 
threads are twisted together is as follows: The 
product of all the counts 4- the sum of the products 
of the combinations of n counts taken («-l) at a 
time = the resulting count of the compound structure. 
From this result the necessary equation can be found 
by adjusting the terms, as shown, if it should be 
desirable to find the count of a certain thread to com- 

f 

bine with three or more other known counts to obtain 
a fixed resulting count. It need hardly be said that 
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the’simplest formula should be used in all cases, 
although the general formula is the foundation of all 
the qther methods. 

Occasionally, and principally in examination papers, 
it 18 desired to find the average count of the threads 
when different numbers and different counts—single 
yam or multiple-ply—^are used in the same warp. 
As a rule, however, and for obvious reasons, these 
groups are, in practice, calculated separately. Never¬ 
theless, we show the process so that it may be referred 
to if desu'ed. 

The tlircads in a warp for a striped pattern are 
arranged in the following order: 

12 threads of 40’s 
2* „ 8’s 

10 „ 20*8 

2 „ 8’s. 


There are no broken or part patterns. What is the 
average count of the warp threads ? 

Vi 

{ 40 hanks X12 threads-flO’s=12 lb. 

40 „ xlO „ ^20’s=201b. 

40 „ X 4 „ -r 8’e=201b. 

120 hanks 26 threads 62 Ib. 


Hence 


3x62 


=20’e average count. 


Another way of finding the average coant for the 
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same or any other pattern is to take any nmnber of 
hanks of each count in order to have the same length 
of each, and find the proportionate quantities accord¬ 
ing to the amount of each used. Thus, if x represents 
the number of hanks of each, then in the above 
pattern we should have: 


“ =No. of hanks of 40’s, 

X 


19 

X 

i 

X 


20 ’ 8 , 

S’s. 


Perhaps the most convenient number for x is 
represented by the number of threads in the pattern. 
In the above case tfie number is . 


12+2 + 10 + 2=26, 

hence we might use 26 hanks of each: 

^ of 26 hanks+ 40’s = ^ lb. 
^Jof2^ „ +20’8=-,Vlb. 

-f 8’B=,Vlb. 


A of 26 


and 


26 hanks 26 x 10 


l^lb. 


13 


= 20’s count. 


If there are broken patterns, the proportion of threads 
must be in terms of the total number of threads in the 


warp. 



CHAPTER V 

MULTIPLE-PLY YABNS ; SHKINKAOE CONSIDERED 

In act"al practice^ no resulting count, would be 
consideled co. rect unless the amount of contraction 
which took place during the operation of twisting was 
considered. The conditions to be observed in, and 
the various phases in connection .vith, this important 
part of the subject are outside the scope of this work; 
they are, however, none the leas important, arfd the 
reason for their omission in this work will be quite well 
understood. Perhaps this particular branch will 
form the subject of a special work; in the meantime, 
any percentages of take-up, or ?^ra lengths required 
for a given length of twist, will be tak^n from the 
point of view of simplicity, and with the sole object 
of demonstrating the principles involved in the 
calculations of the counts of twisted threads. Never¬ 
theless, the relative lengths of the single and 
twist yams will be near the actual values obtain¬ 
ing in many ordinary cases. In this respect an 
exposition of the general formulae shoiJd perhaps 
51 
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appear first, and numerical example® follow for con¬ 
firmation. 

From the definition of the counts it is advisable, 
and sometimes necessary, to state the lengths of yam 
used in terms of hanks, cuts, leas, or skeins, in either 
whole or mixed numbers ; and it will be understood 
that in actual practice the lengths used will, in most 
cases, consist of both. Again, although it is usual in 
educational work to give the amount of shrinkage in 
terms of percentage of the length used— i.e. the 
length of the single yam—^in practice it ij more 
common to have concrete quantities of the respective 
lengths of the single and twisted yams. Both 
methods shall be explained. 

. An extraordinary amount of tWist yam of various 
kinds'is made from the different fibrous yams, and in 
many cases a very large number of threads are twisted 
together. In these cases it is well-nigh impossible 
to utilise exactly the same length of all the individual 
yams which are united by twisting, although in the 
making of an ideal thread this condition should be 
approached as near as it is practicable. Moreover, 
the discussion of such is more concerned with rope and 
twine making than with compound yams which are 
intended for weaving purposes. It is well known, 
however, that the infsroduction of motor-tyre fabrics 
and the like involves the use of compound yams in 
which a cohsiderable number of threads are twisted 
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together, and in which extreme regularity and uni¬ 
formity are highly desirable. The principles about 
to be explained should, however, be sufficient to 
satisfy most cases, especially if one can estimate, or 
find out by experiment, the average length of the 
threads compounded. 

In the fixed-length systems the process is com¬ 
paratively simple on account of the reasons already 
mentioned. For the sake of discriminating between 
the two distinct systems, we shall adopt different 
lettersjor the lengths used. Thus, in the ixed-length 
system, let 

I=the fixed length in yards (see column 6, Table 
II. p. 17) of the twisted material, or any other 
length of twist; 

L=the length which, when twisted, assumes the 
twisted length I; 

K K L., . . . L„=the lengths of different 
individual threads of J;he same or different 
count; •• 

6 i, Gj, Gj, . . . G„=the counts of the individual 
yarns; 

K =the resulting count of the compound yam j 

N =the number of threads in combination. 

The simplest case is that in which two or more 
threads are twisted together, and in which the take- 
up in all the individual threads is the saihe. 
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Then we have the following; 


L LGN _ 

j xGN, or —=R. 


Example: Two 6-lb. jute yarns are twisted 
together; if 12 in. of the twist requires 12J in. of 
each of the single yams, find the resulting count. 

12J in. X 5 lb. X 2 threads 62-6 
12 in. twist ~ 6 

= 10Jjlb., or 10-416 lb. 

( 

Two 6-lb. jute threads are twisted together; if 
the take-up in twisting is 4 per cent, what is the result¬ 
ing count ? 

No length need bj considered for questions such as 
this; hence 

« 100 

6 lb. X 2 threads x =10/^ lb., or 10-416 lb. 


General formula; 

Gx^x lOO 
(lOO”- % take-up) 

This latter is, of course, quite different from the 
case where the percentage is to be added to the length 
of the twist yam. Thus, if one were asked what 
would be the resulting count if, when two 6-lb. single 
yams were twisted together, each single yam were 
4 per cent longer than the twisted thread, we should 
proceed as finder: 
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5 lb. X 2 threads x = lb., or lO-d lb. 
lUU 

General formula; 

U X N X (100 + allowance over twisted length) ^ 

. E. 

Of course there is, in reality, very little difference 
in the two particular cases cited, and no appreciable 
error could be detected whichever method happened 
to be used ; in other cases, however, the use of the 
wrong formula instead of the right one might make a 
difieacnce which is not negligible. Any of the systems 
mentioned in Table IL, p. 17, or similar systems not 
included in that table, may be treated in a like way. 

If all the threads are of, different counts, and 
dif erent lengths of each are required for a given length 
of twist, then the general formula is . 

(h^+b^+ . . . 

Example: Suppose 12 yds. of a compound yam 
requires 16 yds. of 4’s, 16 y^»j3f S’s, and 12 yds. of 
20’8, what is the resulting count of the compound 
yam 1 

/16x4 16x8 12x20\ _ 

,.li±|±^=l“=36i’a count, 
or 

6 i + 10+20«36j’s. 
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A different method of calculation from the above 
is naturally essential for the determination of the 
twisted counts of those threads which come imder any 
or all of the fixed-weight systems. Commencing 
with the simplest and the most widely practised 
method—that is, where two threads only are twisted 
together, apd where the take-up during twisting is the 
same in both threads, we may assume that two threads 
of 20’s cotton are twisted together, and that 10‘3 in. 
of each single yam are required for 10 in. of the twist. 
If these proportions are representative of the bulk, 
then it is clear that 103 hanks of each yam, or 206 
hanks in all of single 20’8, will be required to make 
100 hanks of the twist. Hence, keeping in mind the 
simple rule already mentioned, thAt any number of 
hanks divided by the coimt equals the weight in 
pounds, or race versa, and, of course, from the defini¬ 
tion of the counts, we have 


206 hanks of 20’s 


actual weight in pounds of the material, 


and 


100 hanks of twist 


weight 
.-. lOO-r 


-the twist count. 


206 100 x 20 


20 ' 


■ 206 
=9-8’b. 


Ten inchep of twist yam is probably the beet 
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length to take, because the calculation is compara¬ 
tively simple, and the length usually sufficient to 
obtain a satisfactory average of the take-up. If 
greater accuracy is required, two or three lengths of 
10 in. each might be tested, from the average of which 
a nearer approach to the actual single and twisted 
lengths could be obtained. 

We are not aware that it is usual, except in the 
cases cited, and in mills where accurate and scien¬ 
tific methods are followed, to make provision in the 
spinning department for the take-up in order that 
the resulting count of the twisted thread may be 
a whole number. If, however, such provision were 
necessary, then the procedure, ^ay, in the case of a 
twisted count equai to lO’s, and in which the take-up 
\fas equivalent to | in. in 10 in., would be as fojlows ; 
lOJ in. of each yam for 10 in. of twist equals 106 
hanks of each of the single yams for 100 yds. of twist. 
Therefore 

100 * 

^xG=E=10’s in this case. 

210 

„ 10x210 

••• 

=2rs single for each yam. 

Somewhat similar allowances for loss of weight 
will be necessary in gassed yams, bleached yams, and 
the like. 
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If, for the general formula, we adopt the following : 

Hi=Number of hanka, leas, skeins of No. 1 thread, 
H 2 — „ „ ,, ,, ,, 2 ,, 

H,j— ,, ,, ,, ,, ,, ,, 

h = „ „ „ „ the compound yam, 

6 „ 62 , .. . 6„=the different counts of Hj, H 2 ,.. • H*, 
W = the weight of Hi+ H 2 , . . . + H„, 

R = the resulting count of the twist; 


then 

and 


—+--=W- 

Gi Gj ’ 


H„ 


W-R. 


THi H 2 H„-| 

^-L6i+G2+-+gJ=®- 


Thus, suppose four threads (30’s, 20’s, lO’s, and 
6’b) are twisted together, and there are necessary the 


following lengths; 

12 in, 30’s' 
11 „ 20’s 

lOi „ ID'S 
10 „ 6’s- 

That is, 

120 hanks of 30’a 

no „ 20’8 

106 „ lO’s 

100 „ B’s 


for 10 in. 
of twist. 


I for 100 hanks 
of twist. 
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Then 


or 


m no 105 100 

30 20 iO 6 =weight in pounds, 


4 + -1-101+ 20 =40 lb. 


100 hanks of twist 
40 lb. of material 


= 2 J’b twisted count. 


If all the threads are of the same count, but 
different lengths of each, the formula is simplified a 
little, and obviously becomes 

, H 1 + H 2 + . . . + H„ 

G 

and, as before. 



or, stated in one formula. 

As already mentioned, it is sometimes necessary 
in the manufacture of fancy y«ms to combine two or 
more yams, each of which might difier in fibre from 
all the others. When the constituent yarns are of 
different materials, as well as of different lengths, it is 
usual first to bring all the yams under the same 
denomination, and then to proceed as exemplified in 
the foregoing examples. For instance, suppose that 
for 10 in. of a fancy knop twist the following were 
necessary; 
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1 thread of dark woollen, 160 yds. per ounce 
Dewsbury count, taking 10 in. 

1 „ 12’s black cotton „ 11 in. 

1 „ lO’s red worsted „ 18 in. 

1 „ lO’s green worsted „ 18 in. 

If the majority of the threads in the warp happened 
to be woollen, the cotton yam and the worsted yams 
should be brought to the Dewsbury count. 

12’8 cottonX ^=630’s Dewsbury. 

lO’s worsted=or 10 x 35 = 350’a „ 

ID 

Make the calculation for 630 yds. of twist, because 
the 160 yds. per ounce woollen used would be 630 yds. 
in length, since there is no contraction iu this yam. 
Then we have 


630 X10 630 X11 630 x 18 630 x 18 the weight in 
160 X10 630 X10 36^xl0 ^Vio"" ounces of 630 


Woollen Cotton Worsted 

thread, thread. threads. 


yds. of twist. 


3-94+MO+3-24 + 3-24=11-62 oz. 


630 yds. of twist 
~ 11-62 oz. 


=54-69 yds. per ounce Dewsbury. 


The same combination of four threads may be 
brought to the worsted count, as under; 

12 ’s cottonor 12xs=18’s worsted. 

‘ 660 2 



MULTIPLE-PLY YAENS 


61 


160’8 Dewsburyor 160 x ^=4-67’e worsted. 
660 o6 

In this case take 457 hanks of twist, and also the 
same length of the 160 yds. per ounce woollen (equal 
to 4-57’8 worsted). Then 

457x10 457x11 467x18 467x18 weight in 

4-57’s X10 18’s X10 lO’s x 10 lO’s x 10 ~ pounds. 

100 + 27-92 82-26 -t- 82-26=292-44 lb. 

457 hanks of twLst 1-66’s worsted, and practically 
M2^ lb. “ I’s cotton. 

<7 

The reader might check these results by means of 
Table III., p. 30. 



CHAPTER VI 

THE PRICE OF TWISTED YARNS AND MIXTURES 

A VERY important phase in yam calculations is that 
which deals with the price of yams when two or more 
threads are twisted together, and when two or more 
different fibres are used in the composition of a single 
yam. As already, indicated, such a composition 
might involve two or more different materials, each 
in its ^ure or unadulterated state. On the other hand, 
some or all of the materials might be in the form of 
a mixture of two or more different fibres, or two or 
more different qualities of the same fibre. No 
absolute instruction8*-can be given as to the exact 
quantity and price of each individual material, since 
so much depends upon the result to be achieved in the 
yam, and, ultimately, in the fabric, not only as regards 
appearance, but also in respect of price, durability, 
and supply. 

A common and general rule adopted with regard 
to the cost of a two-ply or two-fold twist yam, in 
wtich the •prices of the two yarns difier, is as 
62 
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follows: Multiply the highest count by the price 
of the lowest; add the result to the product of the 
lowest count and the price of the highest count, and 
divide this sum by the sum of the counts. Thus, 
suppose that a lO’s yam at 6d. per pound is 
twisted with a 12’8 yam at 8d. per pound, the cost 
of the compound yam, neglecting the take-up in 
twisting, would be 


02x6)+ (10^8)^72 -80^^ 
i2-hl0 22 22 


= 6;;d, per pound. 


Although the above method gives the correct 
result under the given conditions, the reason for its 
correctness might not be sufficiently clear. The 
formula is really an, abbreviation «f a general rule 
based upon the definitions and examples which Jiave 
already been enunciated. 

Ihe product of the above two counts is 12 x 10 
= 120 . 

Adopting 120 hanks as the number for calculation 
purposes, we have 


120 hanks 
lO’s count 
120 hanks 
i2’8 count 


= 12 lb. at 6d.=72 


= 10 lb. at 8d.=80 


22 lb. Cost 162d. 


It win thus be seen that the twist yam i^composed 
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of 12 lb. of lO’s and 10 lb. of 12’8, or 22 lb. in all/ and 
the full formula is obviously 

(Weight in lb. of lO’s x price per lb.) + (weight in lb. of 
12 ’sx price per lb.) 

Weight in lb. of lO’s + weight in lb. of 12’s 
=price per lb. of the twist. 

The complete numerical formula for the above yams 
and prices is, consequently, 

12 x10 ^ 10x12 „ 

__x6 + -j^x8 

m m 22 
io"”^ W 

The above formula, after cancellation, is exactly as 
shown above. ■ 

Now, the.above method k evidently applicable in 
every case, no matter how many threads are combined 
in the twisted product. The product of all the counts 
might be taken for the number of hanks as demon¬ 
strated in the abovei^xample; or, if it should happen 
to be simpler, the least common multiple of the counts 
could be taken. 

The general formula for any number of threads is 
as under: 

Let 0 , 6, c . . . n=the different counts; p/,, 

Vs P™® P®’^ potmd of the different 

counts; and P =the price per pound of the twist. 
Then 
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abc ... n abc ... n abc ... » 

- -—Pa + —J-P,+ Pn ^ 

abc ... n abc ... n abc ... n 


a ^ b + • • • + 

We supplement the formula with a numerical 
example in which three threads are twisted together, 
the counts and prices being as below: 

1 thread of 6’s at 6d. per pound. 

1 „ lO’s „ 8d. 

1 „ 40V „ 9d. „ 

5xKx40 „ 5x10x40 „ 6x10x40 . 

*-5 x8+—x9 _^ 

6 X10 X 40 6 X10 X 40 5 x 10 x 40 ’ 

_ +“10 +' ■ 46~ 

2400 + 1600 + 460 4456 
400 + 200 + 60 " 650 “ 


A rather quicker way in this case would be to take 
thb L.C.M. of 5’s, lO’s, and 40’s—that is, 40—instead 


of the product of the three counts." Then the example 
becomes 


i.e. 


40 „ 40 „ 40 „ 

Bx6+ro>'8+4b>^l 

WWW 

6 ''' 10'''40 


P; 


48+32+9 89 
8 + 4+1 13‘ 


i6}Jd. as before. 


An even quicker way to solve such problejas, and 
perhaps the simplest and safest way in all cases, is as 
under: 
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40 hanks-r40’B = l lb. at 9d. = 9 
40 „ ■fl0’8=41b. „ 8ii.=32 
40 „ -r 6’B=81b. „ 6d.=48 

13 lb. Cost 89d. 
and 

89d. _ 6 t 3 d. per pound, as in the above two 

13 lb. twist examples. 

When a single yam is to be manufactured to come 
within a specified price, it is often necessary, especially 
in the lower grades of the woollen industry, apd also 
in some of the very high grades in the same industry, 
to efiect a mixture of various kinds of fibres in the one 
case^ and a somejvhat similar but modified mixture 
of different fibres, or a mixture of various shades of 
the same fibre in the other case. This operation 
is termed “ blending ” and “ mixing ’’ in some in¬ 
dustries, and “ batching ” in other industries, and m 
certain cases it demands an extensive knowledge' of 
yam stmcture, and sometimes of cloth stmcture, 
together with good judgment in regard to other 
matters. The arithmetical methods which are usually 
exhibited in text-books and in textile literature in 
general are theoretically sound, but in practice there 
are other extremely important functions to consider 
—func^ons which often render some of the above- 
mentioned methods impracticable. It must, of 
course, be admitted at once that, whatever else 
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obtains, the price of the mixture must come within 
the specified amount, or otherwise the manufacture 
of the yam will result in a loss. On the other hand, 
there is the equally important condition that the yam 
must fulfil the purpose for which it is intended, or the 
trade will be diverted to some other quarter. 

No hard-and-fast rule can be observed with regard 
to blending, as conditions of manufacture, supply, 
and price make frequent changes essential; but we 
think it is only fair to mention the above facts, so that 
thosajvho have opportunities of undertaking positions 
which include the process of blending will not look 
upon this subject as being one which demands simply 
the arrangement of any arbitrary quantities of vaiiouB 
materials to bring the sum total of a mixture to an 
amount which, when divided by the weight of that 
mixture, yields a specified price per pound. The 
fulling or milliag quality, if wool, tj>e colour, the length 
of staple, and other considerations, may all require 
to be considered; and, when there is such an extra¬ 
ordinary difierence between the highest-priced and 
the lowest-priced wools, and, in a lesser degree, 
between the same limits in shoddy, mungo, waste, and 
the various vegetable fibrra, it will be imderstood that 
there is a considerable number of ways of making up 
a mixture of three or more varieties to cost aicertain 
price, but the various changes in the prices, due to the 
qualities of the materials used in the mixture, may 
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necessitate a corresponding change in the quantities of 
the different kinds and qualities of the materials. 

If, however, two materials of fixed prices are to be 
blended to yield a certain price for the mixture, and 
independent of other considerations, then the quan¬ 
tities of each can be easily found. Thus, suppose 
1000 lb. of a mixture of the value of 16d. per pound 
is to be made from wool noils at 18d. per pound 
and cotton at 6d. per pound. 

Let X - the number of pounds of wool; then 
1000 - a; = the number of pounds of cotton. B'uce 

18a:+6(1000-®) = 15x1000, 

18®+6000 - 6® =16p00, 

• 12®=16000 - 6000; 

9000 

=760 lb. of wool, 
and 

(1000 lb. -760 lb.)=260 lb. of cotton; 

and so on for any other mixture which involves only 
two kinds. 

Whether the full weight of the mixture is given 
or not, an amount can be assumed for the sake of cal¬ 
culation, for it is evident that the same coat of the 
mixture would result on paper, no matter whatever 
number of pounds was taken for the bulk. 

If for any reason it were found advisable to obtain 



THE PRICE OF TWISTED YARNS 69 


'the result without reference to the bulk, then one 
might proceed as below: 

Let Wi, Wj . . . «)„=tho weights of the various 
kinds; pj, Pj ■ • ■ =the prices of the various 
kinds; and P = the price per pound of the mixture. 
Then, if two kinds only are mixed, we have 


W1+W2 ' 


or 


i.e. 

^iPi +“’tfa=“"iP+“"aP: 

hemz 

WjPj-WjP =W2P-W2P2, 

and 

Wi(pi-P) =Wj(P-p2). 


Wi P-J?2 
•■■“'a Pi-P'. 

Adopting the same values as in the last example, 


wo ha ve 

Wo 18 -16 

9 

“3‘ 

^_3 

•■•wri’ 

or, 3 lb. of Wj (wool) to 1 lb. of Wj (cotton), which 
proportions are obviously identical with those already 
found—viz. 760 lb. of wool and 260 lb. of cotton. 

The former method is, however, much th% simpler, 
and besides, in most cases in practice, a specified 
weight of the blend would be fixed. 
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The numerical example just solved may be repre¬ 
sented algebraically as under: 

18®+6(1000-*) = 16x1000, 

Pi®+^2(1000 - ®)=P X1000, 

whence 

Pi®+P2(1000-®) 

1000 


and, if W =the total weight of the blend (1000 lb. in 
above case), the last formula becomes 


Pi®+y8(W-® ), 

W ' ’ 


or 


Pj®+p2( W - ®)=PW, 

Pi®+P2W-p2®=I’W, 


W(P-P2) 
Pi-Pa 


from which result it»will be seen that a decrease in the 
price of the higher-priced material pi reduces the value 
of the denominator, and therefore increases the weight 
X of that material. A decrease in the price of the 
lower-priced material p^ will also increase the quantity 
X of the higher-priced material, because every reduc¬ 
tion of one penny in the price of the pj material 
increases the value of the denominator by 1, but at the 
same tnpe it means an increase of W in the value 
of the numerator. It will thus be seen that a 
decrease in the price of either of the materials means 
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an increase of weight of the more valuable one, and, 
of course, a decrease in the price of both materials 
results in an increase of weight of the higher-priced 
material. The limit is evidently reached when the 
whole of W is the same value, and equal to price P 
per lb., in which case there may be any proportions 
desired of the two kinds of material, since both are 
equal in price. Raising the price of either or both has 
the opposite efiect. 

In the foregoing equation, 

W 

the letters W and s, as well as the term (W-a;), 
clearly refer to three distinct weights in j»unds. 
In order to prevent any ambiguity in what follows, 
we propose to make a slight alteration, or rather 
substitution. Thus, although we shall retain the 
Icrter W for the total weight, we shall replace the 
terms x and (W - x) by the terms (P -pj) and (pj - P) 
respectively, because we desire that each of these 
terms shall represent the difierence between two 
prices as well as the weight in pounds. With these 
substitutions the equation 

PtX+Pi(W-x) 

^ W 

p yi(P-p»)+P8(Pi-P) 

^ w 


becomes 
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Pi=the price per pound of the most valuable material, 
Pj= „ „ least valuable material, 

P= „ „ mixture, 

W=the total weight under consideration—f.e., 

W={P - Pj) + (Pi - P) when weight is considered. 


„ Pi(P - Pi) +Pi{Pi - P) 

The equation P =- ^ - - may be ar¬ 

ranged as under; 


P = 


rpix(P-pjn 

+ kw; 

Pax(pi-P)J 


or, by leaving out the plus sign, but remembering that 
the various products within the large brackets must 
be added, we have 




hence, using the same prices as in the foregoing 
numerical example, i.e. 


we have 


or 


Pi=18d., 
Pii= 6d., 

P=16d., 


. 5 ={ 


18x{16- 6) 
6 X (18-15) 

18x9 Ib.i^ 
6x3 lb.] ■ 


).w. 

12 lb.; 
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i.e. 



18x9 = 162 pencel . ,, 

6x3= 18 „ 

12 ]b. 180 pence. 


180 pence 
121b. 


= 16 pence per pound of the mixture. 


The above is an arithmetical method, known as 
“ alligation,” for finding the price of a mixture of a 
number of ingredients of different values. 

It is not difficult to show that any number of pairs 
of materials could be treated similarly to that where 
two kinds at I8d. and fid. respectively were pro¬ 
portioned to give a mixture at 16d. per pound. 
Suppose, for example, that a second mixture were 
required at the value of 16d. per lb. to be madff from 
T- ool at 22d. per pound and cotton at 7d. per pound. 
In this case Pi=22, and Then 


16 


-( 


22x(16- 7\^ 
7 X (22-16) 


}^W, 


16 ^ 




226 pence 
161b. ° 


49 

16 m 

16d. per pound of the mixture. 


Again, all the four kinds mentioned in the above 
examples, and at prices 22d., 18d., 7d., and^., may 
be compounded, if desired, to make a mixture at the 
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same price— i.e. 16d. per pound. In all oases, how¬ 
ever, it is necessary to group the materials in parts so 
that the price of the mixture may be lower than one 
of each part and higher than the other in each pair. 

The arrangement may be shown as under: 


Let p] =the material at 22d. 

P2= „ „ 18d. 

II II 7d. 

II II 6d. 

Pi and may be grouped together; or 
Pi » Pi »» »> »» 


It is unnecessary at present to show both, so we will 
group Pi and p^ for one parr, and pg and pj for the other. 

fpiX{P-pin 




Ps,x(P-p3) 

Lp3x(pj-P) 


vW, 


ii* 


numerically as under: 


16 = 


16 = 


22x(16- 6) 

6 X (22-16) 

18x(16- 7) 

, 7 X (18-16), 

'22 x 9=198 pence 
6x7= 42 
18x8 = 144 
, 7x3= 21 

27 ^ 


-r(9+7+8+3), 


K-r271b. 
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P®* po™d oJ til® mixture. 

There are evidently more ways than one of com¬ 
bining quantities from each of the above four kinds to 
make a mixture worth 15d. per pound. In all cases, 
however, and as already indicated, the price of the 
mixture must, obviously, iutervene somewhere between 
the two values which are grouped together as ex¬ 
emplified above. In other words, if Pi, Pa, P8> Ti 

the respective prices of any four materials, and P the 
price of the mixture, then it is absolutely necessary 
to know the prices of all five before the linking 
arrangements can be made. Let us assume, for 
example, that pj, pj* Ps, and p^ in the order stal^ re¬ 
present descending values of the four mdividual 
materials, and that the price of P is next in value to 
Pi, that is, higher than pj, pa, and p^. Then, the only 
possible ways of linking the prices in threes are as 
under: 

High Price. Mixture Price. Low Price. 


Ist linking 

Pi 

P 

Pz 

2nd „ 

Pi 

P 

Pa 

3rd „ 

Pi 

P 

Pi 


No other method is possible, simply because pj is 
the only ingredient greater in value than P. 

If, however, both pi and pj are higher^ in price 
than P, then the following linking arrangements are 
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High Price. 

Mixture Price. 

Low Price. 

1st linking 

Pi 

p 

Pi 

2nd „ 

Pi 

p 

Pi 

3rd „ 

Pi 

p 

Pi 

4th „ 

Pi 

p 

Pi 


The linking arrangements for any other series of 
prices could be written down in a similar manner. 

We might with advantage combine the five original 
prices employed in order to demonstrate this state¬ 
ment. In doing this, we shall adopt ultimately the 
usual method of linking together each pair of prices 
between which the price of the mixture must be. 

Recapitulating the five original prices, we have 
« 

I Pi‘=22d. per pound. 

p,=18d. „ 

Pa= 7d. 

P4= 6d. „ 

P =16d. 

Seeing that two of these materials are each greater 
in value than P, and each of the remaining two 
materials of a lesser value than P, we have the follow¬ 
ing four ways of combining the materials: 

1. 22d. and 7d., since 16d. is between. 

2. 22d. „ 6d.. 

3. 18d. „ 7d., „ „ 

4s 18d. „ 6d., „ „ 

An excellent way of arranging these graphically, 
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and as stated above, is that which is invariably 
adopted, and demonstrated below: 


Linking Abkangbments 


1st. 2ad. 3rd. 4tb. 



or, if the prices were arranged in the order stated in 
the two simpler cases. 


1st. 2nd. Sid. 4th. 



Using the upper arrangement, we have 

122-16=7 lb. at 7d.= 49 
7 = 8 „ 22d. = 176 

122-16=7 


1 st linked pair| 

f22-16=7 „ 
” \15- 6=9 „ 


2 ud 


3rd 


4th 


and 


/18-16=3 „ 
U 6 - 7=8 „ 
18-15=3 „ 
16- 6=9 „ 

Stib. 


{ 


6 d.= 42 
22d.=198 
7d.= 21 
18d.=144 
6 d.= 18 
18d.=162 


810 pence , 

- 5 fj^= 16 d. per pound. 


810 pence, 


Now, suppose it were necessary to make a mixture 
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P value 18d. per pound, and tlie material at 18d. in 
the above example replaced by another at 16d. per 
pound. Then there would be only one of the materials 
of higher value than the mixture, and the total ways 
would be as under; 


1st. 2nd. 3rd. 


18 = 


(22 1 -] 

• 


16 J 



7 _ 



[ 6 

_ 



1st bracketed pair/^^"”^®" 

118-16= 3 

|22-18= 4 
” Il8- 7 = 11 
./ 22 - 
” \18- 


H-w; 


41b. at 15d.= 60 


2nd 


3rd‘ 


and 


-18 = 
6 = 


22d.= 66 
7d.= 28 
22d.=242 
6d.= 24 
22d.=264 


684 pence 

~¥lb. ' 
s 


381b. 

= 18d. per pound. 


The number of possible combinations for such 
mixtures by this method is obtained by a modification 
of the following well-known mathematical rule: 


»(a-l)(n-2).(n-r-tl) 

f! 

where «is the number of ingredients, 

C „ symbol for combinations, 
r c „ number taken at a time, 
and 1 „ product of the first r consecutive natural 

numbers. 
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We have already seen, however, that it is impossible 
to take each and every pair of values, and every pair 
is included in the above formula. The method is, as 
stated, a modification of the above. 

To crystallise our remarks, let us imagine that six 
different materials are to be blended, and that the 
price P of the mixture is less than three of the sorts and 
greater than the remaining three. It will therefore 
be clear that Pj, p^, and p^ cannot be used amongst 
themselves to make pairs, because each is more 
valuable than P. It is equally clear that p^, p^, and 
Pj cannot be paired, because aE are individuaUy leas 
valuable than P. 

The total number bf combinations, practicably and 
impracticable, is, according to the above formula, 

combinations. 

“ 1x2 

But we have already pointed out* that there are. two 
groups, three in each group, which cannot yield 
results. Hence, the correct formula is 

‘C 2 -[’C,+*C 2 ]=number of possible combinations. 



or 16-(3+3) “9. 

This result can be easEy demonstrated symbolio- 
aUy or numerioaUy as under. Thus, let the values 
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of tLe six sorts be 24, 20, 18, 14,10, and 6, and the 
price of the mixture 16d. per pound. Then 


Ist. 2nd. 3rd. 4th. 6th. 6th. 7th. 8th. 9th. 



Again, the diagrammatic method is simpler than 
the mathematical one, and, moreover, the problem 
is half accomplished when the values are linked 
together as above. Those interested might complete 
the above example for further confirmation of the 
principle. They will find for the last stage 
1636 pence 


961b. 


= 16d. per pound. 


We shall see shortly, however, that the above 
methods do not emjirace all the possible ways of com¬ 
bining a number of materials at different prices to 
obtain a mixture at a fixed price, because one need 
not be restricted to whole numbers. 

Another phase of this subject, and a most important 
one in the practical process of blending, is that where a 
mixture should contain a fixed amount of one sort- 
say, 30, 40, or 60 per cent, or any other percentage of 
the weight. Suppose, for a further example, it were 
required to mix or blend the following four materials 
to obtain a mixture worth 7d. per pound; 
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Wool at 16d. per pound. 

Hungo at 8d. per pound. 

Cotton at 6d. per pound. 

Hair at 4d. per pound. 

When these four materials are arranged in the 
above diagrammatic fashion, we see that there are 
four arrangements: 


let. 2nd. 3rd. 4th. 



And if meanwhile we leave out the letter w indicating 
weight, and letter the lour linked pairs by o, 6, c, {tnd 
d, the complete particulars might be indicated as 
follows: 



With this particular arrangement, and, say, 1000 
lb. in the completed mixture, we should have 
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Pence. 

1000x^=200lb. at 12d.=2400 

1000x1=200 „ „ 

8d.=1600 

1000x^ — 300 1, „ 

6d.=1800 

1000x^=300 „ „ 

4d.=1200 


1000 lb. 7000 pence. ' 

, 7000 pence _. , 

In this example there is evidently 100=20 
per cent of the highest-priced material. It is quite 
possible, howevqr, that in some cases a larger per- 
cenlage of this sort, if wool, might be necessary for 
the felting requirements of the cloth into which the 
spun yams are to be woven; while in other oases it 
might be desirable to use a smaller quantity of the 
wool, or of the highest-priced material, whatever fibre 
it might be. 

The following equation, being an identity, is true 
for all values: 

m® -t n(100 - *) - x{m -n)= 100«, 

where 

®=the percentage of the highest-priced material, 
?w=the price ,, ,, ,, 

»t=the price of the mixture. 

Suppose, therefore, we keep to the price mentioned 
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in the last example for the highest-priced material 
—that is, 12 d. per pound—and see what the result 
would be if 22 per cent of wool were to be added, 
instead of 20 per cent as found by the diagrammatic 
method. We have, using the above identical equa¬ 
tion, 

12 X 22 + 7(100 - 22) - 22(12 - 7)=100 X 7. 

That is, if 22 lb. cost 12d. per pound, then (100 - 22) 
or 78 lb. must equal in value 

7(100-22)-22(12-7) 
or 7x78-22x5 

646-110 = 436 pence 
since 700 pence - (22 x 12) =436 $, 

436 pence , 

1 .-. —yg^jj~= 65 fd. per pound average. 

Arranging the remaining three fibres—mungo, 
cotton, and hair—with values of 8 6 , and 4 pence re¬ 
spectively, in the usual diagrammatic way, we have 


Ist. 2ad. 

fn -.1 


6|? = |6 1 

-rW. 

UJ J1 

Pence. 

8-6|f=2iJ at 4d. per pound = 9|4 

6fJ-4=l|4 „ 8d. 


6-611- 11 „ 4d. 

» “ Ifv * 

6||-4=1|| ., 6d. 

„ “ nk 


61b. 


33|i pence. 
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and —“ 1^^=63 od. per pound 83 desired. 

The above 6 lb. represent, as stated, 78 per cent of 
the mixture, therefore the 22 per cent of the wool 
would amount to 

61b. X 22 % _, s 7 ii^ 

78% 


Multiply all the quantities by 39 to get rid of fractions, 
and then multiply the weights thus found by the 
respective prices, and we get the following: 

l|Jx39= 661b. at 12d. = 792 
l|Jx39 = 62 „ „ 8d.=496 
111X39 = 62 „ 6d.=372 


(2i J+ 5 v) X 39 —110 


4d.=440 


2100 pence, 


j 2100 pence _, , 

and ~ 3 (jb%~ 

Then pro roto for any size of blend. Thus, if the blend 
were required to be 1000 lb., we should have 
66 x 1000 , , 

62x1000 

-^^—=2061 „ mungo 

62X1000 .... ,. 

- ■ g^ -=206j „ cotton 

110 x 1000 , , 

— ., hair 

1000 lb. in all. 
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It can be easily proved that there are several more 
ways of combining the four materials to effect a 
mixture at 7d. The same or similar principle could 
be adopted, where of course the conditions desired 
were capable of solution, if it were advisable to select 
a particular percentage of any of the three remaining 
substances. 

What probably would be of value are the maximum 
and minimum quantities of wool to be used in con¬ 
junction with the remaining three kinds. Thesff" 
quantities cannot be solved by the above identical 
equation, as the reader may easily prove by taking 
an unknown value of x and working out the equation. 
We may, however, B»y that the maximum amount of 
wool will be used when the mixture is almost fre^ from 
the sorts at 6d. and 8d. And to get the nearest 
approach to this maximum we may assume that these 
two sorts are omitted. Then we have two sorts at 
12d. and 4d. to make a mixture 'at 7d. Hence, if a; = 
the quantity of wool, we have 

12x+4(100-a:)=100x7, 

12*-H 400 - 4®=700, 

8*=300, 

.•.®=37i%; 

so that anything approaching, but not actually 
reaching, 37^ per cent of wool could be «8ed, but 
clearly not more in the case under notice. 
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The minimum amount of wool to be used would 
obtain when the sorts at 8d. and 4d. approached zei;o. 
(The case of the sorts at 6d. and 4d. at zero is im¬ 
practicable, because it is obviously impossible to 
make a mixture at 7d. from individual groups at 12d. 
and 8d.; but if this condition were overlooked, the 
calculated result would illustrate the fallacy.) 

Hence, by similar calculation, we get 

12®-t 6(100-*)=700, 

12® + 600 - 6® = 700, 

6 ® = 100 , 

® = 16f % of wool. 

This low percentage may, therefore, be approached, 
but qbviously not'reached, if all'the four sorts are to 
be included in the mixture, and this condition was 
assumed. The maximum and minimum quantities 
of wool therefore may be taken as 37| per cent and 
16| per cent, and a{\y percentage between these two 
extremes may be used, and the calculation made as 
already demonstrated by the identical equation and 
by the numerical example which immediately follows 
the equation. 



CHAPTER VII 


THE TXJSNS PER INCH OR TWIST OF YARNS 

The Relation between the Counts of Yarn an* 
THE ■■ Twist ” per Inch. —In all yams, no matter 
which system of counting they come under, the 
number of turns per inch, or the technical term 
“twist,” varies according to several circumstances. 
Thus, in nearly every branch of the textile industry, 
there ere hard, medium, and soft twists, which indicate 
respectively, and usually, the largest, the medium, 
and the smallest number of turns per inch for any 
particular count of yam. In addition to these three 
general values there are, in some industries, inter¬ 
mediate degrees of twist between each pair, and also 
exceptional degrees of twist, some of the latter of 
which might exceed the value of the so-called hard 
twist, while others are lower in value than the so-called 
soft twist. 

In spite of the many different degrees of twist which 
may be imparted to different yams of any giwen count, 
there is not a great difference between the highest 
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number and the lowest number of turns per inch in 
such count. In general, the harder twisted yams are 
used for warp, and the softer twisted yarns for weft; 
but there are so many different structures of cloth, 
such a variety of effects, and so many conditions to be 
considered, in regard to yam-making, the lengths and 
diameters of the constituent fibres, and to the efiect 
which these conditions impart to the finished fabric, 
that the above general rule cannot be taken 
-«s absolute. Moreover, there are large quantities 
of yarn which are used for other purposes than 
weaving. 

It is impossible to deal with all the phases con¬ 
nected with twist in a work of thig kind, and obviously 
impossible to supply a rule which is applicable to all 
the difierent degrees of twist. Rules which are used in 
practice are not of general application; the various 
rules are applied within reasonable limits of counts, for 
a rule which is suitable for fine or high coimts may be 
quite impracticable for low counts. Nevertheless, 
the fundamental principles which govern the amount 
of twist for all sizes of yam of a standard make, and 
under either the “ fixed-weight ” system or the 
“ fixed-length ” system of counting, can be demon¬ 
strated mathematically, and the values found in this 
way can be, and are, applied with satisfactory results 
in practise. 

It is not our intention to deal here wi^ the question 
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of absolute diameters of yams,! but, in connection 
with the application of twist, it is essential at least to 
say a few words with regard to the relation between 
the diameters of the various counts and the number 
of turns per inch. 

In the opening chapter of this work it was stated 
that the number or count of a yam is either directly 
or inversely proportional to the sectional area of the 
yarn according to whether that count is under the 
“ fixed - length ” system or the “ fixed - weight 
system of counting. In both cases the thickness or 
diameter of the yam is a function of the sectional area 
of the yam. A rough approximation of the relation 
between the diameteK and the sectional areas can be 
demonstrated as follows; 

Four equal squares, each with sides equal to x, 
appear in Fig. 2. In each square is a circle y, 



XX 21 2X 

Fia. 2. Fia. 3. Fia. 4. 


obviously with a diameter equal to a side of the 
square, the four circles representing tKe sectional 
areas of four threads. In Fig. 3 a square is drawn 

* Bee the Author’s work on " The Diametera of Yams and the 
Stmoture of Fabrics ” (The Textile Mercury). 
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with sides equal to 2x, and a circle z with a diameter 
of 2x inserted. AH the five circles are drawn in a 
similar square (side = 2s) in Fig. 4, from which it is 
evident that whereas four threads, each with diameter 
equal to x, can be enclosed within the square, only one 
thread with diameter equal to 2x can be enclosed in the 
same square. 

The exact relations between the two difierent 
squares and the circles enclosed within them are as 
follows; 

Area of square s=s*, 

Area of circle y or 0-7864 x s®, 

Area of square 2s=(2a:)*=te*, 

Area of circle «=j(2s)* or 0-7864 x 4s®; 

Small square S mall circle _ s* 0- 7864s* 

■ ■ Large square ' Large circle (2s)* ' 6-7^4(2s)* 

, “Small circle 1 

Large circle 4' 

This is, of course, a roundabout way of proving 
the relation, but it is a convincing one. Since the 
relation between squares and circles is constant, and 
since the square on the whole line, (2x), is four times 
the square on half the line, (x), as demonstrated 
graphically in Figs. 3 and 2, it follows that the areas 
are as / to 1, and that the areas of circles wilh dia¬ 
meters equal to the sides of the two squares are also 
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4 to 1. Or, if the small circle is mentioned first, the 
ratio is 1 to 4. 

Now we may proceed to demonstrate the principle 
upon which the degree of twist is imparted to yams 
of different sizes. In the first case, we shall consider 
the amount of twist with reference to the sectional 
areas of the threads, because these are independent of 
the methods of counting. 

In the upper part of Fig. 6 there are five perfect 
squares of different sizes, lettered A, B, C, D, and E*; 
immediately below these squares there are five circles 
lettered similarly, and the diameters of these five 
circles are identical with the sides of the five different 
squares, as is shown clearly by the ^ve spaces enclosed 
between the six long vertical fines. Below Ihese 
circles, and in the same five spaces, are several zigzag 
lines which are intended to represent diagram- 
matically the twists or convolutions of a single fibre 
in each of the spaces, and, in the meantime, it is 
assumed that each fibre forms a spiral or helix, of 
which each and every pe^rt appears on the outer layer 
of tile thread.' (It is well known that no fibre actually 
follows this particular configuration.) 

All the configuration lines in Fig. 5 are at right 
angles to each other, the solid lines representing the 
fibres on the upper surfaces of the threads, and the 
dotted lines representing the same fibres on ^e lower 
surfaces of the threads, so that the angle of twist 
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represented is one of 46°, The angle shown is more 
acute than what obtains as a rule in practice, and is 



PiQ. 6. Iio. 6. 

adopted here solely for convenience of demonstration. 
The lines in Fig. 6 are inclined at an angle of 60°, and 
this is even less than that of the fibres in many yams. 
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The upper solid inclined line in Fig. 6 which ex¬ 
tends across four of the spaces, A, B, C, and D, is 
intended to demonstrate the upper half of each twist 
of each of the four threads, while the lower solid 
inclined line, which is also continuous through spaces 
A, B, C, and D, is intended to show the nearest place 
when all the four threads start under the same con¬ 
dition. The brackets F and G consequently repre¬ 
sent a complete cycle, from which it will be observed 
that in the same length of yam, F or 6, the thread A. 
has 12 turns or twists, the thread B has 6, the thread 
0 has 4, and the thread D has 3. The twists for 
thread E have been purposely omitted in order to 
minimise the length 8f the illustration. 

Collecting the information on the drawing, and 
keeping in mind the fact that the areas of squares 
are proportional to circles, the diameters of which are 
equal to the sides of the squares, we have the follow¬ 
ing table; 

Table VI 


Tlimd. 

Ifumber of 
Squarea or 
Units In ^0 
Soctionai Area. 

Diameter of 
Square and 
C^Ie. 

No. of 
Twists in 
Length. 

Product <4 
Diameter 
and Twist. 

A 

1 

Vi~ or 1 

12 

■■ 

B 

4 

n/S" „ 2 

6 


C 

9 

a/T „ 3 

4 


O 

16 

•JTe „i 

3 


E 

2S 

>M „ 5 

2| 

■■ 
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The third column in the table shows that tM 
diameters of the five yarns are proportional to thff 
square roots of the corresponding sectional areas, and 
it may be taken for granted that all other diameters 
of threads come under the same rule. On the other 
hand, the fourth column shows distinctly that the 
number of turns or twists per given length decreases 
as the diameters and the sectional areas increase, while 
the last column shows that the product of the dia¬ 
meter and the twist per given length is a constant 
quantity; in this particular case it is 12. Thus, in 
the first two threads we have; 

A; diameter x twist=1x12. 

^ B ; diameter x twist=2x6. 

Now, 1:6=2:12. 

.-. A:6=B:12. 


or 

Hence 


A B 
6“l2‘ 
A ^ 
B“l2 


-—that is, the turns or twists per inch are inversely 
proportional to the diameters of the yams, and, since 
it has already been shown that the diamet^ of yams 
are proportional to the square root of the sectional^ 
areas, it follows that the turns or twists per inch are. 
inversely proportional to the sectional areas of the 
yams, 

It was demonstrated in connection with Big. I,' 
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t d stated immediately before this figure, that, in 
B “ fixed-length ” system of counting, the count of 
the yam was directly proportional to the square root 
of the sectional area, whereas in the “ fixed-weight ” 
system of counting, the count of the yam was in¬ 
versely proportional to the sectional area. Since in 
the “ fixed-weight ” system the count of the yam in¬ 
creases as the sectional area decreases, and since the 
twist, or the number of turns per inch, increases as 
the sectional area decreases in the manner ahead/ 
demonstrated, it follows that the twist, or the number 
of turns per inch, of all yams in this system of count¬ 
ing is directly proportional to the square root of the 
count of the yam. it is evident, however, that this 
proportionality assumes that the angle of the £wist 
is the same in aU the different counts for one particular 
tjrpe of stmcture, and that some standard twist for a 
certain, and preferably largely used, count must be 
chosen before the twist for the other counts can be 
calculated. When once this standard is fixed, it is 
possible to calculate all the others from it. 

In order to demonstrate this particular method of 
determining the degree of twist, let It be assumed 
that in a certain kind of 16’s cotton yam the twists 
'“fer inch are 16. Then, if it is desired to obtain the 
same angle of twist in a 9’s cotton, which, being 
thicker than 16’s, should have fewer turns per inch, 
wo have 
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x/l6: ^9=16:*; 


or 

Hence 


4:3 = 16 :x. 
4x = 15 X 3. 


16x3 


=lli turns per inch in 9’s. 


These particular counts of yam have been chosen 
because their numbers represent perfect squares, and 
consequently their roots are easily extracted. If, how¬ 
ever, the extraction of the roots of the counts under 
consideration involves decimal fractions, it is often 
the easier plan to square aU the terms in the equation. 
Thus, suppose 12’s cotton has 13 turns per inch, how 
many turns should 24’s cotton have 1 The 24’s, being 
finer than 12’8, will have more twist than the latter; 
therefore 

^/i2: v'^=13:®, 

( 

which becomes, after squaring each term, 

12; 24=13® :a:», 

12*»=13®x24, 

, 13x13x24 
12 

.-. **=338, 

or *=184 turns per inch of 24’s. 

t 

A more general plan in practice is to find a constant 
number which, when multiplied by the square root 
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of the count, will give the requited twist for all yams in 
any particular range. For example, in the first of the 
above examples, where cotton yams of 16’a and 9’8 
were considered, it is evident from the amount of 
twist found that the same result would have been 
obtained if the square roots of the two counts had 
been multiplied by a constant of 3-75. Thus 

ij CJount X constant number=twist; 

X 3-76 = 16 turns per inch in 16’s, , 

V'O x3-75 = lli » .. 9’s- 

From what has been said about hard, medium, soft, 
and exceptional twists, it will be clear that the above- 
mentioned constant, 3-76, will be applicable only to 
one degree of twist for all counts, and that difierent 
constants will be utilised for the difierent degrees of 
twist. These constant numbers vary in difierent 
branches of the trade. In general their values range 
between 4 and 1-6, although for” certain classes of 
yam the constant may exceed 6, while in other cases 
it is below 1-6. It will, of course, be understood that 
no definite values can be given unless some specific 
yams are considered, and even in this case it is 
necessary to know whether the yam is to be starched 
or woven dry, because yams for starched warps have 
invariably less twist than the same count of yam 
which is to be woven dry. ’ 

Unden oertam conditions the above methods are 
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applicable to all yams which come under the “ fixed- 
weight ” system of counting; but in practice it will 
be found that for many reasons, including those 
already enumerated, these general rules are not 
strictly observed. 

Since the finest or smallest yams contain the most 
twist, it need hardly be said that, in regard to those 
yams which are reckoned by the group in the “ fixed- 
length ” system, the amount of twist is not directly 
‘proportional to the square root of the count. In 
all such yarns the diameter is still proportional to 
the square root of the sectional area, and the counts 
are therefore proportional to the sectional area. Thus 
if we refer again to Table VI., the second column might 
be taken to represent not only the sectional area, but 
also the count of yam, and hence the third column 
shows that the diameters are directly proportional to 
the square root of the count of the yam. Moreover, 
the fourth column'indicates that the number of turns 
decreases as the count in the second column increases. 
It can be proved, in a similar way as before in con¬ 
nection with the “ fixed-weight ” system, that in the 
“ fixed-length ” system of counting the twist is in¬ 
versely proportional to the square root of the count 
of the yam. There are also the same fluctuations in 
regard to the degree of twist for various reasons, as in 
those fjointed out in regard to the “ fixed-weight ” 
system, and similar constants to those mentioned 
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are used extensively for the yams in the “ fixed- 
length ” groups. 

To demonstrate the general method of finding the 
twist for a certain count, having been given the correct 
standard twist for a difierent count, we might assume 
that in respect to the “ fixed - length ” system a 
count represented by 4 ’b has 6 turns per inch, and then 
find what number of turns should be given to a higher 
count and thicker yam, say 16’s. Then , 

s/lJ: 

4: 2=6: a. 

4i=6x2. 

a:=^^=3 turns per inch for 16’s. 

4 • 

And again, if the count is represented by a number 
which is not a perfect square, we may say: If an 8’s 
yam has 4 turns per inch, how many turns should 
there be in a 14’s yam ? 

^/ii; ^8=4:®; 
or 14:8i=4*;i®. 

14a:»=4*x8; 

, 4x4x8 

.•.x'=y=9-14. 

a:=3'02, or 3-02 turns per inch for 14’s. 

Now. since the twist is inverselv nronnrtional to 
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the square root of the count in these yams of the 
“ fixed-length ” system, we might obtain the constant 
numbers for these examples. Thus, in the first 
example we have 


X constant=6 turns per inch. 


and 


.'. Constant=6 X ,/}=12; 
1 

x/ 16 ' _ 

Con8tant=3x .^16=12. 


'X constant=3. 


Hence both yams are twisted in the same particular 
ratio. 

In the second example we Jiave 


X constant=4. 


n/8 

.'. Constant=4x ^8=4x2'83=11-32; 


and finally 

—^ X constant=3-02. 

.-. Constant=3-02 X =3-02 x 3-74=11-29. 

The constant is really the same as in the first part, 
and the difference lost between 11-32 and 11-29 is due 
to the neglect of the third place of decimals. 

It -will be seen from these examples that when once 
a satisfactory constant is obtained for any particular 
group of yams under the “ fiixed-length ” systems— 
Uiere will be several groups, as already mentionea— 
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it is only necessary to divide this constant by the 
square root of the count, because it is obvious that 
the equation for the above examples, 

1 

-^ Co ^ X constant=twist, 
may be written 

Constant 

—7-?=—= twist. 

VCount 



CHAPTEK VIII 

THE ANGLE OF TWIST 

The apparent angle of twist is obviously that which 
is displayed by the fibres on the surface of the thread. 
In the process of spinning, however, and especially 
with long fibres, it is doubtful if any single fibre 
remains on the outside for its fijU length. And even 
for the short fibres, say cotton, it is easy to see that if 
any fibre should occupy this extreme outside position 
for its full length, it would require but little friction 
to remove such fibre from the bulk. The longer 
the fibres and the thinner the yam, the more chances 
there are for each individual fibre to occupy the 
maximum number of positions between the centre of 
the yam and its periphery, and to be bound securely 
with the coraponent fibres; hence our former remark 
regarding the degree of twist with different lengths of 
fibres. And since the yams axe, in general, con¬ 
sidered to be approximately of uniform density— 
although* they are scarcely ever so—it might with a 
fair degree of accuracy be assumed that the mean 
102 



THE ANGLE OF TWIST 


103 


diameter of the yam with regard to the twist is that 
which embraces one-half of its sectional area, or one- 
half of the total number of fibres. 


Hence, if D=the actual diameter of the yam, 
and d=the mean or twist diameter, 

then =the sectional area of the yarn. 


and 


t.e. 


d®|-=half the sectional area of the yarn. 
j-TT DV „ D® 

or - 

V2’ 1-4142 


for all yams with uniform density; in other words, 
the mean or twist diameter of the yam is apf»roxi- 
mately -^ths of the actual diameter of the yam. 

We are quite well aware that spinners can, and 
some do, achieve the correct number of turns without 
resorting to any but the most elementary arithmetical 
rules. Nevertheless, if the above remarks—which are 
not antagonistic but supplementary to the spinner’s 
work—regarding the degree of twist in relation to the 
length and diameter of any type of fibre can be proved 
to be proportional, or nearly so, a thorough study of 
the principles involved might have far-reaching effects, 
not only on the spinning production of yam from 
fibres of different diameters and lengths,* but also 
upoii the actual cost of production of any particular 
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type of yam which is made from such fibres. It 
might, indeed, be the nucleus of an extensive scheme 
of scientific and experimental research. 

To return to the discussion of the mean diameter 
in reference to twist, it is evident that if once the 



actual “ working ” diameter of a yam could be found, 
and assuming that the foregoing remarks are time, 
we should have 
7 

the twist diameter. 

If a yam Y of diameter D, Fig. 7, be rolled in the 


ina iUNUJjjii ujt iwioi luo 

direction of the arrow B, the periphery of the section 
S would trace out the path C, which is clearly equal 
in length to the circumference of the outside of the 
yam, or wD. At the same time, one complete turn 
or twist of the fibre on the outside of the yam would 
trace out the line L, while the line H would represent 
the actual length of yam for one complete twist. 
The angle A, formed by the two lines L and C, indi¬ 
cates the apparent angle of twist (see the central part 
of the dotted half of twist), that seen on the outer 
surface of the yam. Consequently, this angle A 
may be taken to indicate the direction of the twist 
of the fibres when the latter appear on the external 
part of the thread.. Therefore, neglecting positive 
or negative directions in all cases, we have * 

' ‘ ^=tan A. 

New, * 

, g ^ f length of yarn under consideration 
t number of turns or twist in that length ’ 

but, since it is usual to consider the twist as so many 
turns per inch, I becomes equal to 1, and, therefore. 

Tan A=q. 

Finally, since the twist diameter is to be taken 
as equal to -^jD, the actual circumference should he 
^C, or, say, c. 

.% Tan 0 =-. 
a 
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Without the above substitutions, the latter formula 
is equal to 


0. lOJ 


Numerical example: A single strand of yam is 
6 in. long, ^ in. diameter, and contains 12 turns in 
the length. Find 

1. The actual angle formed by the fibres, assuming 

the twist diameter to be ;£’oths of the real 
diameter; and 

2. The apparent angle of the twist as seen on the 

outside of the yarn. 

In the first case, , 

* c=A x,\x 3-1416; 

j . 12 

6 

Since tan o=-, 
ct 

10x16x6 
®“7x3-1416x12’ 

Tan 0=3-031. 

.-. Angle o=71|° approx. 

In the second case. 


TanA=i-iM_ = 
C«“3-1416xl2 


2 - 121 . 


, Angle A=64|° approx. 


In other words, the average inclination of the 
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fibres is 71|°, whereas the angle presented to the 
eye, which angle is obviously always on the outside 
of the yam, is one of 64|°. 

For some special purpose it may be desirable— 
if not at present, at some future period—to con- 
stract a yam with a definite inclination on the outer 
surface. The desirability may be said to exist at 
present in connection with the twisting of multiple 
yams, and in some degree in regard to single yams. 

The tangents of the apparent angle A and the 
average angle a may be represented by the diagram 
in Fig. 8, in which 



Suppose, therefore, that the inclination of the 
fibres on the outer surface of the yam should be 60°. 
Then 

Tan 60 °=I^“ 


10 * 
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Tan a 


10 tan 60 10x1-7321 
7 “ 7, 


=2-474. 


Angle a=68“ approx. 


It now remains to find the number of turns per 
inch, or the twist, on the yam to produce, say, an 
apparent inclination of 60°. To do this, we must 
know the diameter of the yarn, and for this pur¬ 
pose we shall adopt the values deduced by the late 
Mr. T. R. Ashenhurst, or the empirical equivalent for 
Obtaining these values.^ That is, deducting 9 per 
cent, or approximately ^^th, from the square root 
of the yards per pound, and taking a 16’s cotton 
yam, we obtain the reciprocal of the diameter; thus 


, V16x 840-tV»/16x 846 =approx. 105. 
.-. Diameter of 16’8 cotton=YiT of an inch. 


Let 2=1, then 


.'. <= 




Tan 60 

1-7321 = 
105 


1 


105 

3-14162' 




Now this is an excessive number of turns per inch, 
for since 

-C------- 

‘ For working diameters of yams see the Author’s wdtk on 
The Diam^rs of Tams and the Siructure of FiArice. 
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tj Count X constant=twist, 
twist 19-3 
^count 


Constant= 


19-3 


= 4-8 for 60° angle. 


The constant for warp yam in cotton is, say, 3-76, 
hence the turns per inch for 16’s warp, or 16’s twist 
as it is often called, is 

«yi6x3-76 = 15 turns per inch. 

Substituting this value for t in the equation immedi¬ 
ately above the result of 19-3 turns per inch, we have 
105 

^®^3dil6tan Ai 
“ 31416 X16 “ 

.'. Angle A=between 65° and 66°. 


To obtain this angle on the surface of the yam, 
and again assuming that the actual twist angle is 
•j^ths of the apparent angle, we have 

Tan o C 10 
Tan A^c** 7' 


Hence 


Tan ax. 


10 tan A 10x2-2281 
7 7 

Angle 0=72}°. 


3-183. 


In short, it would appear that if, for any calculated 
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01 observed reason, the apparent angle, that presented 
to the eye of the observer, should be fixed, the twist 
for the yam can be found as under if the stated 
diameter of the yam can be accepted as correct: 

Twist ^ ^ ^ j. 

which, numerically, would appear as follows: 

_ . reciprocal of diameter 

< 3-1416 X tan of observed angle A' 

It is well known that when two or more threads 
are twisted together, the outside fibres alone of each 
thread touch the remaining threads, and the direction 
followed by the iiidividual fibres, or the angle formed 
with respect to the length of the compoimd yam, 
can, from observation, refer only to the outside 
fibres of each single thread. The average direction 
or the average angle^will be different from the observed 
one, and it becomes a question as to which angle should 
be adopted when one desires that the fibres of the 
individual yams should point in a certain direction. 
Consider the subject from the foEowing point of view: 

Let A=the apparent angle, 

0 =the average or actual angle, 

5=the difference between A and o. 

In the numerical examples just demonstrated, A was 
found to be 66°. and o eauaUed 72i°. 
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Tan 66° =2-2460, 
Tan 72i°=3-1716; 


and drawing these to scale, as in Fig. 9, we see the 
apparent and average directions followed by the 
fibres in the first diagram and separated in the second 
and third diagrams. One quarter of the first diagram 



is reproduced on a larger scale in Fig. 10. Since 
angle a = angle A -tangle b, 


Angle 6=angle {a-A) 

=72J°-66° 

-=6i°. 

Suppose that for some particular reason two 
threads are to be twisted together, and that the 
jonstituent fibres should be parallel to th# length 
)f the compound yam. To achieve this condition 
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the single yams must be twisted in the reverse direc¬ 
tion to the original one (a general practice), but the 
amount of such twist will depend upon whether one 
wishes to consider the average angle o or the apparent 
angle A. Thus, consultiug the second and third 
diagrams in Fig. 9, 




For angle a the rotation must equal 17|°, 


It is impossible to distinguish the direction followed 
by those parts of the fibres which are embedded in the 
yam; those parts on the outside only are visible, but 
still the calculation may be made with regard to the 
average angle a formed, since, if what has been stated 
is oorrtct, the solution of one angle a assures tht 
solution of the other angle A. Moreover, if ^future 
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calculations are made with regard to the working 
diameter of the yam, it will probably be more con¬ 
venient to make all calculations with reference to the 
working diameter, because in cloth structure this 
diameter plays a more important part than does the 
theoretical diameter. When the yams are intended 
for twine, cords, and the like, the article is the finished 
product, and hence the observed angle in the cord or 
twine is undisturbed. 

The difference between the average observed 
diameter and the average working diameter of 
twisted or compound yams will, in general, be much 
less than the difference between the theoretical 
diameter and the worl^g diameter of a single thread. 
JThe relation between the.two conditions of the slhgle 
yam was taken as 1 to 0-7. It is doubtful whether 
any alteration should be made in regard to the con¬ 
dition of the working diameter of the single yam and 
the condition of the same yam when used in con¬ 
junction with one or more yams in the formation of a 
compound yam. 

Although there is a certain degree of tension 
imparted to the constituent threads of a compound 
yam during the operation of twisting, and which 
naturally decreases slightly the diameter, the un¬ 
twisting of each single thread during the same opera¬ 
tion increases slightly the diameter of each iniividual 
thread. Hence we shall assume that no decrease in 
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the diameter of the single threads takes place during 
the formation of the compound yam. 

It has been assumed that the diameter of 16’s 
cotton is yJ -5 of an inch, that the average angle a is , 
72|°, and that no further decrease takes place in the 
individual threads which are twisted together. It 
has also been shown that the single yam must be 
untwisted through 17^° to place the fibres parallel to 
the length of the compound yam. 

• One little difficulty arises immediately when we 
assume that the diameter of 16’s cotton is of an 
inch. We have already stated that this value is 
obtained from the usual method of finding the re¬ 
ciprocal of the dijimeter, and ap follows; 

^/l6’sx840-.(4.s/l6’8x840 
•=the reciprocal of the diameter=106. 

.'. The diameter of Id’s ootton-^J-i’ of an inch. 

When a constant is used to obtain the same value 
of the diameter, it takes the form of 
Thus 

1 1 1 
26-26 .^/l6“26-26 x 4“l08' 

Now, this formula gives the apparent diameter 
of cotton yams; a much nearer value for the absolute 

* 1 

working diameter is — 7 ==. It is desiiaWe to 

32 voount 
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consider this difference, because it has already been 
stated that in weaving, the diameter of the thread is 
almost invariably reduced, whereas in a cord no such 
subsequent compression is applied. Consequently, 
in the manufacture of a 2-ply yam which has not 
to undergo any compressive stresses, the apparent 
diameter of the yam may be used provided that we 
agree that no change in the diameter of the single yam 
takes place during the twisting of the constituent 
threads. For such work we should use the formulh 

to obtain the diameter, and hence the 

26'25 Vcount 

diameter of 16’s cotton would be of an inch. 

The outside fibres* in our specific case made an 
angle of 66°, so that the yam must rotate through 
24° during the operation of twisting if these outside 
fibres are to be placed parallel to the length of the 
compound thread. 

When, in the conversion of a rove to a thread in 
the spinning process, the fibres of such yam have 
assumed a certain angular direction with respect to 
the longitudinal direction of the thread, it will be 
seen that this angular direction can be calculated or 
observed. And when this yam is twisted with 
another yam of the same kind and count, and with the 
same amount of twist, the ultimate direction Mowed 
by the fibres will obviously depend upon the amount 
of twist which is imparted to the compound yam. 
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If the twist be reversed to that of the single yam, 
and the same number of turns per inch be given to 
the compound yarn as each single yam originally 
possessed, all the twists would be taken out of the two 
individual threads, and each being reduced, as it were, 
to the sliver state, the fibres would point in the 
direction followed by the individual threads. If, on 
the other hand, the compound yam receives half the 
amount of twist that was given to the individual 
yams, but in the reverse direction, the fibres would 
be parallel to the direction of the compound yam. 
The number of turns in the compound yam may 
exceed the number of turns in each of the single yams, 
in which case all tfie original twist in the single yams 
would first be removed, and then twist imparted* 
to each single yam in the opposite direction to that of 
the original twist and in the same direction as that 
imparted to the compound yam. There are evidently 
considerable variations from the very soft twisted 
singles and compounds to the very hard ones, and 
the foregoing remarks and calculations have been 
introduced to illustrate some definite course to pursue 
under certain circumstances. 
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Hanks, 6,6, 7,10 
Hemp, 14 

Identical equation, 82,65 
Inclination or direction of fibres 
on yams, 106, 110, 111, 
118,116 

Instmotions for using conver¬ 
sion and ratio tables, 33 

Jute yam table, 13 

Length units, 2,6,6,7,14,19, 
26 


MiU hank, 13 
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Milling quality, 67 
Mixing fibres, 66 
Mixture yams, price of, 62-66 
Multiple-ply silk yams, 37 
Multiplo-ply yams, 8, 36, 37 
for motor-tyre fabrics, 62 
shrinkage considered, 67-61 
shrinkage neglected, 36-60 
symbols for, 38 

Organzine silk, 8 

Baw silk, 8 

Beoling jute, method of, 13 
Beels, 6, 6, 10, II, 12 
Bequired count of one thread 
in multiple-ply yam of 
known count, 48 
in three-ply yam of known 
count, 46, 47, 48 
in two-ply yam of known 
coimt, 45 
Besearch, 104 

^lesulting count of multiple- 
ply yams, 41-60 
of three-ply yams, 43 
of two-ply yams, 40, 42, 43, 
44,45 
Bope- 62 

Scotch woollen yam table, 11 
Sectional areas, 3, 89, 94 
Spun silk, 8 
Standard hank, IS 
Starched warps, 97 
Systems of counting yams, 1, 
6, 7, 8, 9,10 


Tram silk, 8 

Turns per Inch or twist of 
yams, 87-101 
Twine. See Cord 
Twist (twisted yams), 8, 87 
and diameter a constant, 
product of, 93, 94 
and diameter, relation be¬ 
tween, 93 

angle of, 91, 92, 93, 96, 102- 
116 

calculations for, 96, 97, 99, 

100,101 

degree of, 87,96,97,98, 102, 
116 

direction of, 36 * 

fundamental principle for, 
88,91 

yams, price of, 62 

Unit lengths. See Length Unite 

Warp yam, 6, 88 
Weft yam, 6,10, 88 
Woollen warp yams, 10 
Working diameter. See Dia¬ 
meter, Working 
Worsted yam table, 11 

Yards* per - ounce system of 
counting, 10 
Yam table, for cotton, 6 
for jute and dry-spun flax, 18 
for Scotch woollen, 11 
for wet-spun flax, 11 
for worsM, 11 
systems of counting, 6 









